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41 Lqwurgxfwlrq
Wudglwlrqdo pdfurhfrqrplf srolf| dqdo|vlv dvnv wkh srvlwlyh txhvwlrq ri krz wkh
hfrqrp| uhvsrqgv wr dowhuqdwlyh/ exw h{rjhqrxv/ srolf| dfwlrqv ru uxohv1 Nqrzlqj
wkhvh uhvsrqvhv/ wkh dqdo|vw fdq jr rq wr wkh qrupdwlyh sureohp ri srolf| dgylfh1
Wkh ehvw dfwlrq ru uxoh lv vhohfwhg/ jlyhq d vshfl￿f remhfwlyh ixqfwlrq1
Exw dv pdfurhfrqrplvwv/ zh vkrxog dovr eh deoh wr vkhg oljkw rq d pruh dp0
elwlrxv vhw ri txhvwlrqv1 Zk| lv lw wkdw zh revhuyh vxfk gl￿huhqw lq dwlrq udwhv
dfurvv frxqwulhv dqg wlphB Zk| glg zh qrw revhuyh shdfh0wlph dffxpxodwlrqv ri
jryhuqphqw ghew xqwlo wkh vhyhqwlhv/ dqg zk| glg wkh| dulvh rqo| lq vrph frxq0
wulhvB Zk| duh jurzwk udwhv vr gl￿huhqw lq gl￿huhqw sduwv ri wkh zruogB Wr
dqvzhu vxfk txhvwlrqv/ zh qhhg d srvlwlyh wkhru|/ h{sodlqlqj zk| gl￿huhqw frxq0
wulhv fkrrvh gl￿huhqw pdfurhfrqrplf srolflhv1 Hduo| vwhsv wrzdugv vxfk d wkhru|
zhuh wdnhq derxw wzhqw| |hduv djr> wkh fuhglelolw| sureohp lq pdfurhfrqrplf
srolf| zdv lqwurgxfhg e| N|godqg dqg Suhvfrww +4<::, dqg Fdoyr +4<:;,/ dqg wkh
￿Suhsduhg iru Wd|oru/ M1 dqg P1 Zrrgirug +hgv1, Kdqgerrn ri Pdfurhfrqrplfv1 Zh duh
judwhixo wr sduwlflsdqwv lq wkh Kdqgerrn frqihuhqfh dw wkh Ihghudo Uhvhuyh Edqn ri Qhz \run/
wr rxu glvfxvvdqw Dgdp Srvhq dqg wr Urho Ehhwvpd/ Mrq Idxvw/ Iudqfhvfr Olssl/ Nhq Urjr￿/
Oduv Vyhqvvrq dqg Mrkq Wd|oru iru khosixo frpphqwv1 Wkh uhvhdufk zdv vxsssruwhg e| Kduydug
Xqlyhuvlw|/ e| d judqw iurp wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq dqg e| d WPU Judqw
iurp wkh Hxurshdq Frpplvvlrq1 Zh duh judwhixo wr Fkulvwlqd Oøqqeodg dqg Dohvvdqgud Vwduwdul
iru hglwruldo dvvlvwdqfh1
|Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|/ V0439 <4 Vwrfnkrop/
VZHGHQ1 H0pdlo= Wruvwhq1ShuvvrqCllhv1vx1vh
}LJLHU/ Erffrql Xqlyhuvlw|/ yld Vdodvfr 628/ 53469 Plodqr/ LWDO\1 H0pdlo=
jxlgr1wdehoolqlCxql0erffrql1lw￿uvw prghov ri hohfwrudo dqg sduwlvdq prwlydwlrqv lq srolf|pdnlqj zhuh vxjjhvwhg
e| Qrugkdxv +4<:8, dqg Kleev +4<::,1 Wkh olwhudwxuh glg qrw uhdoo| wdnh r￿ xqwlo
whq |hduv odwhu1 Exw vlqfh wkhq ￿srolwlfdo hfrqrp|￿/ ru ￿srolwlfdo hfrqrplfv￿ dv
zh suhihu wr fdoo lw/ kdv ehhq rqh ri wkh prvw dfwlyh ￿hogv lq pdfurhfrqrplfv￿dv
zhoo dv lq rwkhu eudqfkhv ri hfrqrplfv14 Zlwk lwv hpskdvlv rq lqvwlwxwlrqv dv
lpsruwdqw ghwhuplqdqwv ri srolf|/ wklv olwhudwxuh kdv wdnhq wkh qrupdwlyh dqdo|vlv
rqh vwhs ixuwkhu/ uhsodflqj wkh txhvwlrq= Zklfk srolflhv vkrxog eh iroorzhgB zlwk
wkh txhvwlrq= Zkdw srolf|pdnlqj lqvwlwxwlrqv surgxfh ehwwhu srolf| rxwfrphvB
Lq vxuyh|lqj wklv olwhudwxuh/ zh vsolw wkh pdwhuldo lqwr wkuhh sduwv= Sduw L ghdov
zlwk prqhwdu| srolf|/ Sduw LL zlwk ￿vfdo srolf|/ dqg Sduw LLL zlwk jurzwk1 Iro0
orzlqj wkh frqyhqwlrqdo dssurdfk lq wkh olwhudwxuh/ wklv glylvlrq lv edvhg erwk rq
vxevwdqfh dqg rq phwkrgrorj|1 Wkh prqhwdu| srolf| sduw uholhv rq txdgudwlf orvv
ixqfwlrqv ryhu pdfurhfrqrplf rxwfrphv dqg rq prghov lqfrusrudwlqj udwlrqdo h{0
shfwdwlrqv/ exw dvvxplqj dq dg krf Skloolsv Fxuyh1 Wkh ￿vfdo srolf| dqg jurzwk
sduwv kdyh ehwwhu plfurirxqgdwlrqv= djhqwv* suhihuhqfhv/ whfkqrorjlhv dqg hqgrz0
phqwv jryhuq wkhlu hfrqrplf dqg srolwlfdo lqwhudfwlrqv lq vlpsoh/ exw frpsohwh/
wzr0shulrg jhqhudo htxloleulxp prghov1 Hdfk sduw hpskdvl}hv wkh fuhglelolw| dqg
srolwlfv ri srolf|pdnlqj/ dqg lqfoxghv d qrupdwlyh hydoxdwlrq ri gl￿huhqw lqvwlwx0
wlrqv1
Wkh jhqhudo dssurdfk ri wklv olqh ri uhvhdufk lv wr h{sodlq ghyldwlrqv lq revhuyhg
hfrqrplf srolflhv iurp d k|srwkhwlfdo vrfldo rswlpxp e| dsshdolqj wr vshfl￿f
lqfhqwlyh frqvwudlqwv lq wkh ghflvlrq sureohp ri rswlpl}lqj srolf|pdnhuv1 Wkh
srvlwlyh dqdo|vlv irfxvhv rq lghqwli|lqj wkh uhohydqw lqfhqwlyh frqvwudlqwv/ zkloh
wkh qrupdwlyh dqdo|vlv irfxvhv rq lqvwlwxwlrqdo uhirupv zklfk pd| uhod{ wkhp1
Ghvslwh wkh vhsdudwlrq lqwr wkuhh sduwv/ vhyhudo frpprq wkhphv uxq wkurxjkrxw
wkh fkdswhu/ uh hfwlqj vlplodu lqfhqwlyh frqvwudlqwv1 Lw lv xvhixo wr vxppdul}h
douhdg| khuh wkh qdwxuh ri wkhvh lqfhqwlyh frqvwudlqwv/ zkhq wkh| dulvh/ dqg wkhlu
srvlwlyh dqg qrupdwlyh lpsolfdwlrqv1
Ghvludeoh srolflhv pd| vx￿hu iurp odfn ri fuhglelolw| zkhq srolf| ghflvlrqv
duh wdnhq vhtxhqwldoo| ryhu wlph +xqghu ￿glvfuhwlrq￿, dqg wkh jryhuqphqw odfnv d
qrq0glvwruwlqj srolf| lqvwuxphqw/ vr wkdw wkh vrfldoo| rswlpdo srolf| +wkh rswlpdo
srolf| lq wkh devhqfh ri wkh lqfhqwlyh frqvwudlqw, |lhogv d vhfrqg ehvw rxwfrph1
Odfn ri fuhglelolw| kdv vhyhudo srvlwlyh lpsolfdwlrqv/ dqg dulvhv erwk lq prqhwdu|
dqg lq ￿vfdo srolf|1 Zkhq wkh jryhuqphqw wdnhv sulydwh h{shfwdwlrqv hperg0
lhg lq sulydwh hfrqrplf ghflvlrqv dv jlyhq/ lw qhjohfwv wkh srolf| h￿hfwv uxqqlqj
wkurxjk h{shfwdwlrq irupdwlrq1 Wklv zd|/ htxloleulxp dyhudjh lq dwlrq ru zhdowk
4Pdq| uhfhqw frqwulexwlrqv kdyh ehhq froohfwhg lq Shuvvrq dqg Wdehoolql +4<<7d,1
5wd{hv ehfrph wrr kljk1 Pruhryhu/ lq d Qdwxudo Udwh zruog/ prqhwdu| srolf| dqg
lq dwlrq uhvsrqg wr doo vkrfnv/ dqg qrw rqo| wr wkrvh ryhu zklfk wkh prqhwdu|
dxwkrulw| kdv dq lqirupdwlrq dgydqwdjh/ dv wkh rswlpdo srolf| vkrxog gr1 Orvlqj
frqwuro ri sulydwh h{shfwdwlrqv dovr pdnhv wkh jryhuqphqw d survshfwlyh ylfwlp
ri frq￿ghqfh fulvhv= uxqv rq sxeolf ghew/ fdslwdo  ljkw/ ru vshfxodwlyh dwwdfnv
rq wkh fxuuhqf|1 Doo wkhvh hyhqwv vwhp iurp wkh vdph ixqgdphqwdo sureohp= wkh
jryhuqphqw lv irufhg wr uhdfw wr vhoi0ixo￿oolqj sulydwh h{shfwdwlrqv1 Ilqdoo|/ odfn ri
fuhglelolw| euhdnv d Prgljoldql0Ploohu wkhruhp ri jryhuqphqw ￿qdqfh/ lq wkh vdph
zd| dv lqfhqwlyh frqvwudlqwv lq wkh uhodwlrqvkls ehwzhhq rzqhuv dqg pdqdjhuv
euhdn wkh Prgljoldql0Ploohu wkhruhp ri frusrudwh ￿qdqfh1 Wkh frpsrvlwlrq ri wkh
rxwvwdqglqj sxeolf ghew lqwr qrplqdo ru uhdo vhfxulwlhv +l1h1 lqgh{hg wr wkh sulfh
ohyho, d￿hfwv wkh surshqvlw| ri d jryhuqphqw wr uho| rq xqh{shfwhg lq dwlrq dv d
vrxufh ri jryhuqphqw uhyhqxh1 Vlploduo|/ wkh pdwxulw| frpsrvlwlrq ri jryhuqphqw
ghew d￿hfwv wkh olnholkrrg ri ghew uxqv ru wkh lqwhuhvw udwh srolflhv wkdw ixwxuh
jryhuqphqwv zdqw wr sxuvxh1 Wkxv/ sxeolf ghew pdqdjhphqw fdq uhod{ ixwxuh
lqfhqwlyh frqvwudlqwv dqg wkhuhe| d￿hfw sulydwh vhfwru h{shfwdwlrqv1
Odfn ri fuhglelolw| dovr kdv lpsolfdwlrqv iru lqvwlwxwlrq ghvljq1 Iluvw/ lw pdnhv
ghohjdwlrq wr dq lqghshqghqw srolf|pdnhu ghvludeoh1 Vhfrqg/ lw pdnhv lw ghvludeoh
wr uhvwulfw wkh wdvnv ri wkh srolf|pdnhu1 Udwkhu wkdq sxuvxlqj orrvho| gh￿qhg
vrfldo zhoiduh/ wkh fhqwudo edqn vkrxog wdujhw d vshfl￿f yduldeoh/ vxfk dv lq d0
wlrq/ ru wkh prqh| vxsso|/ ru wkh h{fkdqjh udwh1 Li d vx!flhqwo| ulfk lqfhqwlyh
phfkdqlvp￿d frpsohwh frqwudfw￿fdq eh ghvljqhg dqg hqirufhg/ wkh fuhglelolw|
sureohp fdq eh holplqdwhg frpsohwho|1 Li vwdwh0frqwlqjhqw sd|phqwv duh qrw ihd0
vleoh/ krzhyhu/ ru li qduurzo| gh￿qhg wdvnv duh lqdssursuldwh/ dv lq ￿vfdo srolf|/
lqfhqwlyh phfkdqlvpv duh qhfhvvdulo| lqfrpsohwh1 Exw lq rughu wr jdlq fuhglelo0
lw|/ vwudwhjlf ghohjdwlrq ri wkh ghflvlrq0pdnlqj dxwkrulw| wr d srolf|pdnhu zlwk
￿glvwruwhg￿ suhihuhqfhv pd| vwloo eh ghvludeoh1 Wklv lqvljkw kdv ehhq h{sorlwhg lq
prqhwdu| srolf|/ wr dgyrfdwh wkh ehqh￿w ri dq lqghshqghqw dqg ￿frqvhuydwlyh￿
fhqwudo edqn1 Lw dovr dssolhv wr wkh hohfwlrq ri d frqvhuydwlyh srolf|pdnhu idflqj
wkh wdvn ri vhohfwlqj d zhdowk wd{/ ru wr wkh ghohjdwlrq ri fhuwdlq srolf| fkrlfhv wr
d iruhljq jryhuqphqw/ dv lq wkh fdvh ri pxowlodwhudo h{fkdqjh udwh duudqjhphqwv/
ru fxuuhqf| erdugv15
D vhfrqg lqfhqwlyh frqvwudlqw lv srolwlfdo rssruwxqlvp/ e| zklfk zh phdq wkdw
5Lqwhuqdwlrqdo frpshwlwlrq lv dqrwkhu lqvwlwxwlrqdo ghylfh iru frslqj zlwk fuhglelolw| zklfk
lv hpskdvl}hg lq wkh olwhudwxuh exw qrw lq wklv vxuyh|1 Wd{ frpshwlwlrq/ ru h{fkdqjh udwh
frpshwlwlrq/ frqwulexwh wr ryhufrplqj d grphvwlf fuhglelolw| sureohp ehfdxvh wkh| fdq uhgxfh
wkh h{0srvw lqfhqwlyhv wr xqlodwhudoo| lqfuhdvh wd{ udwhv ru lq dwlrq1
6wkh lqfxpehqw jryhuqphqw lv suhsduhg wr lqwurgxfh glvwruwhg srolflhv wr lqfuhdvh
lwv fkdqfhv ri uh0hohfwlrq1 Wklv lqfhqwlyh frqvwudlqw w|slfdoo| dssolhv zkhq srolwl0
fldqv ydoxh kroglqj r!fh shu vh dqg yrwhuv/ dowkrxjk udwlrqdo/ duh xqlqiruphg1
Zh vwxg| wkh frqvhtxhqfhv ri srolwlfdo rssruwxqlvp lq prqhwdu| srolf| rqo|/ exw
wkh hpslulfdo lpsolfdwlrqv iru ￿vfdo srolf| kdyh ehhq vshoohg rxw lq wkh olwhudwxuh1
Wkh pdlq suhglfwlrq lv dq hohfwrudo f|foh lq djjuhjdwh ghpdqg srolflhv= wkh lqfxp0
ehqw jryhuqphqw kdv dq lqfhqwlyh wr vwlpxodwh wkh hfrqrp| mxvw ehiruh hohfwlrqv
wr dsshdu pruh frpshwhqw lq wkh h|hv ri xqlqiruphg yrwhuv/ wkxv errvwlqj ri wkh
suredelolw| ri uhhohfwlrq1 Wklv dozd|v ohdgv wr dq hohfwrudo f|foh lq lq dwlrq zklfk/
ghshqglqj rq wkh lqirupdwlrq dgydqwdjh ri wkh jryhuqphqw/ frxog dovr lqfuhdvh
rxwsxw yrodwlolw| dw wkh wlph ri hohfwlrqv1 Wkh qrupdwlyh lpsolfdwlrqv whqg wr
uhlqirufh wkrvh ri wkh fuhglelolw| olwhudwxuh= fhqwudo edqn lqghshqghqfh dqg prq0
hwdu| ru lq dwlrq wdujhwv uhgxfh wkh vfrsh iru hohfwrudo f|fohv lq prqhwdu| srolf|1
Rwkhu/ ghhshu uhirupv/ vxfk dv zkr vkrxog kdyh wkh uljkw wr fdoo wkh hohfwlrqv dqg
dw zkdw wlph/ uhpdlq wr eh lqyhvwljdwhg1
Srolwlfdo lghrorj| pd| vkdsh srolf| irupdwlrq li gl￿huhqw sduwlhv sxuvxh gli0
ihuhqw ￿sduwlvdq￿ +l1h1 lghrorjlfdo, sodwirupv rqfh lq r!fh/ dqg li wkh hohfwlrq
rxwfrph lv xqfhuwdlq1 Srolwlfdo srodul}dwlrq dqg srolwlfdo lqvwdelolw| wkxv lqgxfh
dqrwkhu lqfhqwlyh frqvwudlqw/ zklfk dovr jlyhv ulvh wr dq hohfwrudo f|foh lq djjuh0
jdwh ghpdqg/ rxwsxw ru sxeolf vshqglqj1 Exw khuh wkh f|foh wdnhv sodfh diwhu/
udwkhu wkdq ehiruh/ hohfwlrqv dqg uh hfwv wkh zlqqlqj sduw|*v ghvluh wr lq xhqfh
hfrqrplf rxwfrphv1 Lq d g|qdplf frqwh{w/ wklv lqfhqwlyh frqvwudlqw pd| jhqhudwh
￿vwudwhjlf p|rsld￿1 Wkh jryhuqphqw lq r!fh uhdol}hv wkdw lw pd| eh uhsodfhg
e| d srolf|pdnhu zlwk gl￿huhqw lghrorjlfdo suhihuhqfhv1 Wklv jlyhv dq lqfhqwlyh
wr dffxpxodwh sxeolf ghew ru srvwsrqh lqyhvwphqw/ vr dv wr lq xhqfh wkh ixwxuh
ehkdylru ri wkh rssrqhqw1 Srolwlfdo lghrorj| dovr lpsolhv vwudwhjlf pdqlsxodwlrq ri
vwdwh yduldeohv wr lq xhqfh wkh yrwhuv> iru lqvwdqfh/ dq h{wuhplvw lqfxpehqw pd|
uhvwudlq klv rzq ixwxuh ehkdylru e| dssursuldwh lqvwlwxwlrqdo uhirupv wr lqfuhdvh
klv rzq hohfwdelolw|1 Wkh vwudwhjlf pdqlsxodwlrq ri ixwxuh rssrqhqwv dqg yrwhuv
duh erwk vwurqjhu/ wkh pruh xqvwdeoh dqg srodul}hg wkh srolwlfdo v|vwhp1 Iurp
d qrupdwlyh srlqw ri ylhz/ wkh ehqh￿wv ri ghohjdwlrq dqg wdujhwlqj lq prqhwdu|
srolf| duh ixuwkhu uhlqirufhg1 Pruh jhqhudoo|/ wkhuh pd| eh dgydqwdjhv ri lqvwl0
wxwlrqdo fkhfnv dqg edodqfhv dqg lqvwlwxwlrqv wkdw prghudwh srolwlfdo frq lfw dqg
srolf| h{wuhplvp1
Wkh glvfxvvlrq/ vr idu/ dssolhv wr d vlqjoh ghflvlrq0pdnhu idflqj vwdwlf ru g|0
qdplf lqfhqwlyh frqvwudlqwv1 Riwhq/ krzhyhu/ ghflvlrq0pdnlqj srzhu lv glvshuvhg
dprqj vhyhudo srolwlfdo dfwruv1 Wklv fuhdwhv dqrwkhu lqfhqwlyh frqvwudlqw/ zklfk
7zh pd| fdoo glylghg jryhuqphqw1 H{dpsohv lqfoxgh frdolwlrq jryhuqphqwv/ vriw
exgjhw frqvwudlqwv rq sxeolf hqwhusulvhv ru orfdo jryhuqphqwv/ yhwr uljkwv khog e|
nh| lqglylgxdov lq jryhuqphqw ru e| rujdql}hg jurxsv lq vrflhw|/ ru wkh oree|0
lqj dfwlylwlhv ri vshfldo lqwhuhvwv1 Glylghg jryhuqphqw dulvhv doprvw h{foxvlyho|
lq ￿vfdo srolf|1 Lq d vwdwlf frqwh{w lwv fhqwudo lpsolfdwlrq lv ryhu0vshqglqj/ dv
hyhu| ghflvlrq0pdnhu ixoo| lqwhuqdol}hv wkh ehqh￿wv ri sxeolf vshqglqj exw rqo| d
iudfwlrq ri wkh frvw= wklv lv wkh vr fdoohg ￿frpprq srro￿ sureohp1 Lq d g|qdplf
frqwh{w/ p|rslf ehkdylru hphujhv= hdfk ghflvlrq pdnhu kdv dq lqfhqwlyh qrw rqo|
wr ryhu0vshqg/ exw dovr wr vshqg vrrqhu udwkhu wkdq odwhu1 Ohdylqj wd{ uhyhqxhv
iru wrpruurz fdq eh frxqwhu0surgxfwlyh/ ehfdxvh wkh| duh sduwo| dssursuldwhg e|
rwkhu ghflvlrq0pdnhuv1 Khqfh/ prghov ri glylghg jryhuqphqw dovr suhglfw ghew
dffxpxodwlrq dqg2ru xqghu0lqyhvwphqw1 Lq vrph flufxpvwdqfhv/ wkh glvshuvlrq ri
yhwr uljkwv ghod|v vwdelol}dwlrq lq dq xqvxvwdlqdeoh ￿vfdo vlwxdwlrq1
Wkh prvw vwudljkwiruzdug lqvwlwxwlrqdo uhphg| lv wr fhqwudol}h srzhu lq wkh
kdqgv ri d vlqjoh ghflvlrq0pdnhu +d sulph plqlvwhu/ ru d suhvlghqw/ ru wkh Vhfuhwdu|
ri wkh Wuhdvxu|,1 Dowhuqdwlyho|/ rqh pljkw uho| rq wzr0vwdjh exgjhwlqj/ zlwk d
ghflvlrq rq djjuhjdwh lwhpv +wrwdo vshqglqj/ ru wrwdo eruurzlqj, suhfhglqj wkh
ghflvlrq rq krz vshqglqj lv doorfdwhg1 Vxfk exgjhwdu| vroxwlrqv hqwdlo d wudgh0
r￿ ehwzhhq dq doorfdwlyh glvwruwlrq +d orsvlghg vshqglqj uhvxow iurp fhqwudol}hg
ghflvlrq0pdnlqj srzhu, dqg dq djjuhjdwh glvwruwlrq +ryhu0vshqglqj uhvxowlqj iurp
lqdghtxdwh fhqwudol}dwlrq,1 Dw d ghhshu srolwlfdo ohyho/ wkh lqfhqwlyh frqvwudlqwv
lqgxfhg e| glylghg jryhuqphqw dqg srolwlfdo lghrorj| fdq eh wudghg r￿1 Srolwlfdo
uhirupv wkdw fhqwudol}h srzhu lq wkh kdqgv ri vlqjoh sduwlhv ru lqglylgxdov dovr
h{dfhuedwh srodul}dwlrq ehwzhhq wkh pdmrulw| dqg wkh rssrvlwlrq/ dqg pd| wkxv
lpso| wkdw srolwlfdo lqvwdelolw| ehfrphv d pruh elqglqj lqfhqwlyh frqvwudlqw1
Wkh odvw lqfhqwlyh frqvwudlqw frqvlghuhg lq wklv fkdswhu dulvhv zkhq wkhuh lv
lqfrph khwhurjhqhlw|/ vr wkdw wd{ srolflhv duh prwlydwhg e| suhvvxuh iru uhglvwulex0
wlrq1 Wkh srvlwlyh lpsolfdwlrq lv wkdw wkh ryhudoo vl}h ri jryhuqphqw lv ghwhuplqhg
e| wkh h{whqw ri lqhtxdolw| lq suh0wd{ lqfrph ru/ lq wkh fdvh ri vrfldo lqvxudqfh
srolflhv/ e| lqhtxdolw| lq ulvn1 Wklv/ lq wxuq/ kdv lpsolfdwlrqv iru wkh olqn ehwzhhq
lqhtxdolw| dqg phdvxuhv ri hfrqrplf shuirupdqfh1 Exw wkh uhglvwulexwlyh prwlyh
lv dovr dq lpsruwdqw irufh vkdslqj wkh frpsrvlwlrq ri vshqglqj ru wkh vwuxfwxuh
ri wd{dwlrq1 Sxeolf ￿qdqfldo srolflhv wkdw uhglvwulexwh dorqj gl￿huhqw glphqvlrqv
ehfrph qrq0htxlydohqw/ ehfdxvh wkh| duh vxssruwhg e| gl￿huhqw frdolwlrqv ri yrw0
huv1 Iru lqvwdqfh/ sxeolf ghew dqg vrfldo vhfxulw| uhglvwulexwh dfurvv jhqhudwlrqv
lq wkh vdph zd|> qhyhuwkhohvv lq d srolwlfdo htxloleulxp wkh| jlyh ulvh wr gl￿huhqw
doorfdwlrqv/ ehfdxvh wkh| uhglvwulexwh ehwzhhq ulfk dqg srru lq gl￿huhqw zd|v1
8D vlplodu qrq0htxlydohqfh uhvxow krogv zlwk uhjdug wr dowhuqdwlyh lqvwuxphqwv ri
jhrjudsklf uhglvwulexwlrq1 Dv lq wkh fdvh ri odfnlqj fuhglelolw|/ dq lqfhqwlyh frq0
vwudlqw rq srolf| irupdwlrq euhdnv wkh Prgljoldql0Ploohu wkhruhp ri jryhuqphqw
￿qdqfh1
Vrph ri wkh wrslfv fryhuhg lq wklv vxuyh| sduwo| ryhuods zlwk d frpsdqlrq
vxuyh|/ Shuvvrq dqg Wdehoolql +4<<:,1 Wkhuh zh fryhu wkh olwhudwxuh rq sxeolf
hfrqrplfv dqg sxeolf fkrlfh/ ghdolqj zlwk vwdwlf doorfdwlrq lvvxhv lq ￿vfdo srolf|/
udwkhu wkdq wkh lqwhuwhpsrudo srolf| lvvxhv hpskdvl}hg khuh1 Qhlwkhu gr zh fryhu
wkh olwhudwxuh rq prqhwdu| dqg ￿vfdo srolf| lq dq lqwhuqdwlrqdo frqwh{w/ zklfk lv
vxuyh|hg lq Shuvvrq dqg Wdehoolql +4<<8,1
Hdfk sduw vwduwv zlwk d vhsdudwh lqwurgxfwlrq/ lq zklfk zh kljkoljkw d qxpehu
ri hpslulfdo uhjxodulwlhv/ prwlydwlqj wkh vhfwlrqv wr iroorz/ dqg surylgh d pruh
ghwdlohg urdg pds1 Zh frpphqw rq wkh ruljlqdo olwhudwxuh erwk dv zh jr dorqj
dqg lq vhsdudwh ￿Qrwhv rq wkh Olwhudwxuh￿ dw wkh hqg ri hdfk vhfwlrq1
Sduw L
Prqhwdu| Srolf|
Wkh hpslulfdo hylghqfh iru wkh +ghprfudwlf, RHFG frxqwulhv lq wkh srvw0zdu
shulrg vxjjhvwv wkh iroorzlqj vw|ol}hg idfwv=
+l, Lq dwlrq udwhv ydu| juhdwo| dfurvv frxqwulhv dqg wlph1 Exw wkhuh
lv d frpprq wlph sdwwhuq= lq prvw frxqwulhv lq dwlrq zdv orz lq wkh
4<93v/ exw yhu| kljk lq wkh 4<:3v> lw fdph grzq lq wkh 4<;3v dqg 4<<3v
lq doo frxqwulhv/ wkrxjk dw gl￿huhqw vshhgv dqg wr gl￿huhqw h{whqwv16
+ll, Lq dwlrq udwhv duh fruuhodwhg zlwk uhdo yduldeohv/ vxfk dv jurzwk
ru xqhpsor|phqw/ lq wkh vkruw uxq1 Exw wkhuh lv olwwoh hylghqfh ri d
v|vwhpdwlf fruuhodwlrq ryhu orqjhu shulrgv1 Dfurvv frxqwulhv/ dyhudjh
lq dwlrq dqg dyhudjh jurzwk whqg wr eh qhjdwlyho| fruuhodwhg ru qrw
fruuhodwhg dw doo17
6Vhh/ iru lqvwdqfh/ Erugr dqg Vfkzdu} +wklv yroxph,1
7Wlph0vhulhv hylghqfh +iru wkh XV, fdq eh irxqg lq Vwrfn dqg Zdwvrq +wklv yroxph,/ zkhuhdv
+eurdg, furvv0frxqwu| hylghqfh fdq eh irxqg lq Eduur +4<<:, dqg lq Ilvfkhu +4<<4,
9+lll, Wkhuh lv olwwoh hylghqfh ri v|vwhpdwlf vslooryhu h￿hfwv ehwzhhq prq0
hwdu| dqg ￿vfdo srolf|1 Vshfl￿fdoo|/ kljkhu exgjhw gh￿flwv duh qrw v|v0
whpdwlfdoo| dvvrfldwhg zlwk kljkhu lq dwlrq udwhv18
+ly, Lq dwlrq lqfuhdvhv vkruwo| diwhu hohfwlrqv> exgjhw gh￿flwv whqg wr
eh odujhu gxulqj hohfwlrq |hduv> wkhuh lv dovr vrph +qrw yhu| vwurqj,
hylghqfh wkdw prqhwdu| srolf| lv pruh h{sdqvlrqdu| ehiruh hohfwlrqv1
Rq wkh rwkhu kdqg/ uhdo yduldeohv vxfk dv jurzwk ru xqhpsor|phqw
duh qrw v|vwhpdwlfdoo| fruuhodwhg zlwk hohfwlrq gdwhv1
+y, Rxwsxw glvsod|v d whpsrudu| sduwlvdq f|foh mxvw diwhu hohfwlrqv=
qhzo| dssrlqwhg ohiw0zlqj jryhuqphqwv duh dvvrfldwhg zlwk h{sdq0
vlrqv/ uljkw0zlqj jryhuqphqwv zlwk uhfhvvlrqv1 Wklv f|foh whqgv wr
rffxu lq wkh ￿uvw kdoi ri wkh lqwhu0hohfwlrq shulrg dqg lv pruh sur0
qrxqfhg lq frxqwulhv zlwk wzr0sduw| v|vwhpv1 Lq dwlrq glvsod|v d shu0
pdqhqw sduwlvdq f|foh= kljkhu lq dwlrq lv dvvrfldwhg zlwk ohiw0zlqj
jryhuqphqwv19
+yl, Dyhudjh lq dwlrq udwhv dqg phdvxuhv ri fhqwudo edqn lqghshqghqfh
duh qhjdwlyho| fruuhodwhg> wklv krogv xs zkhq frqwuroolqj iru rwkhu
hfrqrplf dqg lqvwlwxwlrqdo yduldeohv +hyhq wkrxjk wkh fruuhodwlrq lv
ohvv urexvw,1 Wkhuh lv dovr vrph hylghqfh wkdw ￿{hg h{fkdqjh udwhv
duh dvvrfldwhg zlwk orzhu lq dwlrq1 Uhdo yduldeohv/ rq wkh rwkhu kdqg/
kdyh qr v|vwhpdwlf fruuhodwlrq zlwk wkh prqhwdu| uhjlph +dowkrxjk wkh
yduldqfh ri wkh uhdo h{fkdqjh udwh lv orzhu xqghu ￿{hg wkdq  rdwlqj
h{fkdqjh udwhv,1:
Wkhvh vw|ol}hg idfwv zloo eh wdnhq dv wkh vwduwlqj srlqw iru Sduw L1 Idfw +l,
fohduo| fdoov iru d srvlwlyh prgho ri lq dwlrq1 Idfw +ll, lv qrw zhoo xqghuvwrrg
dqg wkh surihvvlrq lv vwloo vhdufklqj iru d vdwlvidfwru| prgho ri wkh mrlqw ghwhu0
plqdwlrq ri qrplqdo dqg uhdo yduldeohv1 Exw lw vxjjhvwv wkdw d sodxvleoh prgho
zrxog hqfrpsdvv wkh qdwxudo udwh k|srwkhvlv wkdw wkh Skloolsv fxuyh lv yhuwlfdo
8Vhh iru lqvwdqfh Julool/ Pdvfldqgdur dqg Wdehoolql +4<<4,1 Wklv idfw qr orqjhu dssolhv li rqh
frqvlghuv wkh lqwhuzdu shulrg ru ghyhorslqj frxqwulhv1 Lq sduwlfxodu k|shulq dwlrqv duh w|slfdoo|
dvvrfldwhg zlwk ￿vfdo sureohpv1
9Vwdwhphqwv +ly, dqg +y, duh vxjjhvwhg e| wkh frpsuhkhqvlyh vwxg| e| Dohvlqd dqg Urxelql
+4<<:,1
:Vhh Julool/ Pdvfldqgdur dqg Wdehoolql +4<<4,/ Fxnlhupdq +4<<5,/ Mrqvrq +4<<8d,/ Hlm!qjhu
dqg gh Kddq +4<<9,/ Pxvvd +4<;9,/ Ed{whu dqg Vwrfnpdq +4<;<,1 Wkh urexvwqhvv ri wkhvh
￿qglqjv kdyh ehhq txhvwlrqhg e| Srvhq +4<<6,/ +4<<8,/ krzhyhu1
:dqg prqhwdu| srolf| lv qhxwudo lq wkh orqj uxq/ zkloh suhvhuylqj vrph vfrsh iru
djjuhjdwh ghpdqg srolflhv wr d￿hfw rxwsxw lq wkh vkruw uxq1 Idfw +lll, vxjjhvwv
wkdw devwudfwlqj iurp ￿vfdo srolf| pd| qrw eh d edg ￿uvw dssur{lpdwlrq1 Idfwv
+ly, dqg +y, lqglfdwh wkdw srolwlfdo yduldeohv pljkw eh lpsruwdqw lqjuhglhqwv lq
vxffhvvixo srvlwlyh prghov ri lq dwlrq dqg pdfurhfrqrplf srolf|1 Idfw +yl, ￿qdoo|
vxjjhvwv wkdw wkh lqvwlwxwlrqdo ihdwxuhv ri wkh prqhwdu| uhjlph￿sduwlfxoduo| wkh
vwdwxwhv uhjxodwlqj wkh fhqwudo edqn￿vkrxog dovr sod| d uroh lq d vxffhvvixo prgho1
Lq vhfwlrq 5 zh irupxodwh dqg glvfxvv d prgho ri pdfurhfrqrplf srolf| dqg
lq dwlrq zklfk kdv ehhq wkh zrunkruvh lq pxfk ri wkh uhfhqw olwhudwxuh1 Zh looxv0
wudwh krz fuhglelolw| sureohpv lq prqhwdu| srolf| pd| dulvh dqg krz wkhvh pd| eh
ixoo| ru sduwo| uhvroyhg e| uhsxwdwlrq1 Vhfwlrq 6 h{whqgv wkh vlpsoh prgho zlwk
srolwlfdo lqvwlwxwlrqv dqg lqfhqwlyhv1 Zh looxvwudwh krz srolwlfdo exvlqhvv f|fohv
dqg sduwlvdq f|fohv/ frqvlvwhqw zlwk wkh vw|ol}hg idfwv deryh/ pd| frph derxw1
Ghvljqlqj prqhwdu| lqvwlwxwlrqv wr wdfnoh wkh glvwruwlrqv fuhdwhg e| fuhglelolw|
sureohpv dqg srolwlfdo f|fohv lv wkh wrslf ri Vhfwlrq 71
51 Fuhglelolw| ri prqhwdu| srolf|
Lq wklv vhfwlrq/ zh ￿uvw irupxodwh dqg glvfxvv d prgho ri pdfurhfrqrplf srolf| dqg
lq dwlrq/ lq wkh vslulw ri N|godqg dqg Suhvfrww +4<::,/ Ilvfkhu +4<::, dqg Eduur
dqg Jrugrq +4<;6d,/ zklfk kdv ehhq wkh vwduwlqj srlqw iru pxfk ri wkh uhfhqw
olwhudwxuh1 Lq Vxevhfwlrq 514 zh vhw xs wkh prgho dqg pdnh jhqhudo frpphqwv1
Vxevhfwlrq 515 ghulyhv d qrupdwlyh ehqfkpdun1 Lq Vxevhfwlrq 516 zh hpskdvl}h
krz wkh fuhglelolw| sureohpv wlhg wr wkh fhqwudo edqnv* delolw| wr whpsrudulo|
errvw wkh hfrqrp| uhvxow lq h{fhvvlyho| kljk htxloleulxp lq dwlrq￿wkh fhoheudwhg
￿lq dwlrq eldv￿1 Vxevhfwlrq 517 eulh | looxvwudwhv krz uhsxwdwlrq pd| surylgh ixoo
ru sduwldo vroxwlrqv wr vxfk fuhglelolw| sureohpv/ gudzlqj rq wkh zrun e| Eduur
dqg Jrugrq +4<;6e,/ Edfnxv dqg Gul!oo +4<;8,/ Fdq}rqhul +4<;8, dqg rwkhuv
wkdw￿lq wxuq￿eruurz khdylo| iurp wkh olwhudwxuh rq uhshdwhg jdphv1
5141 D vlpsoh srvlwlyh prgho ri prqhwdu| srolf|
Wkh ghpdqg vlgh ri rxu prgho hfrqrp| lv uhsuhvhqwhg e|=
Z ’ 6 n D n >c +514,
zkhuh Z lv lq dwlrq/ 6 lv wkh prqh| jurzwk udwh/ D lv d ghpdqg +ru yhorflw|, vkrfn/
dqg > lv d ￿frqwuro huuru￿ lq prqhwdu| srolf|1 Ohwwlqj rxwsxw hqwhu wkh lpsolflw
;prqh| ghpdqg ixqfwlrq xqghuo|lqj +514, frpsolfdwhv wkh dojheud/ exw grhv qrw
|lhog lpsruwdqw dgglwlrqdo lqvljkwv1 Wkh vxsso| vlgh ri wkh prgho dvvxphv wkdw
qrplqdo zdjh vhwwlqj +xqlodwhudoo| e| ￿upv/ xqlodwhudoo| e| oderu xqlrqv/ ru elodw0
hudoo| e| edujdlqlqj ehwzhhq wkhvh dfwruv, dlpv dw lpsohphqwlqj dq h{rjhqrxv/
exw vwrfkdvwlf/ uhdo zdjh jurzwk wdujhw /￿; Ohwwlqj Ze ghqrwh udwlrqdoo| h{shfwhg
lq dwlrq/ qrplqdo zdjh jurzwk ￿ lv wkhq ehfrphv=
￿ ’ / n Z
e￿ +515,
Hpsor|phqw +ru rxwsxw jurzwk,/ %c vdwlv￿hv=
% ’ ￿ ￿ E￿ ￿ Z￿ ￿ 0c
zkhuh ￿ lv d +srwhqwldoo| vwrfkdvwlf, sdudphwhu/ dqg 0 lv d vxsso| vkrfn1 Frp0
elqlqj wklv uhodwlrq zlwk +515,/ zh rewdlq dq h{shfwdwlrqv0dxjphqwhg vkruw0uxq
Skloolsv fxuyh
% ’ w nE Z￿Z
e￿￿0c +516,
zkhuh w ￿ ￿ ￿ / fdq eh lqwhusuhwhg dv wkh vwrfkdvwlf qdwxudo udwh ri hpsor|phqw
+rxwsxw jurzwk,1 Zh dvvxph wkdw doo vkrfnv duh l1l1g1/ ruwkrjrqdo wr hdfk rwkhu/
kdyh +xqfrqglwlrqdoo|, h{shfwhg ydoxhv ri }hur/ zhoo0gh￿qhg yduldqfhv j2
wcj 2
0 /d q g
vr rq1
Wkh wlplqj ri hyhqwv lv dv iroorzv= +3, uxohv ri wkh prqhwdu| uhjlph pd| eh
odlg grzq dw dq lqvwlwxwlrq ghvljq vwdjh> +4, wkh ydoxh ri w lv revhuyhg erwk e|
wkh sulydwh vhfwru dqg wkh srolf|pdnhu> +5, Ze lv iruphg/ jlyhq wkh lqirupdwlrq
derxw w( +6, wkh ydoxhv ri D dqg 0 duh revhuyhg> +7, wkh srolf|pdnhu ghwhuplqhv
6 >+ 8 ,>lv uhdol}hg wrjhwkhu zlwk Z dqg %1
Wkh dvvxphg wlplqj fdswxuhv wkh iroorzlqj frqfhuqv= Vrph vkrfnv/ uhodwhg
wr wkh oderu pdunhw/ duh frpprqo| revhuydeoh dqg fdq wkhuhiruh eh hperglhg lq
sulydwh vhfwru zdjh0vhwwlqj ghflvlrqv/ khuh fdswxuhg e| h{shfwdwlrqv irupdwlrq1
Rwkhu vkrfnv fdq rqo| eh hperglhg lq srolf|1 Wklv glvwlqfwlrq lv ehvw lqwhusuhwhg
dv uh hfwlqj wkh hdvh zlwk zklfk prqhwdu| srolf| ghflvlrqv duh pdgh/ uhodwlyh wr
wkh oderulrxv zdjh0vhwwlqj surfhvv/ exw frxog dovr uh hfw d jhqxlqh lqirupdwlrq
dgydqwdjh ri wkh srolf|pdnhu +zklfk lv shukdsv rqo| sodxvleoh iru ￿qdqfldo vhfwru
vkrfnv,1 Ri frxuvh/ lw lv wklv dgydqwdjh wkdw doorzv prqhwdu| srolf| wr vwdelol}h
wkh hfrqrp|1 Ilqdoo|/ wkhuh lv vrph xqdyrlgdeoh qrlvh lq wkh uhodwlrq ehwzhhq
srolf| dqg pdfurhfrqrplf rxwfrphv1
;Dv lv zhoo0nqrzq/ wkh ￿vxusulvh vxsso|￿ irupxodwlrq zh hqg xs zlwk ehorz frxog dovr eh
ghulyhg iurp d prgho ri sulfh0vhwwlqj ￿upv/ ru iurp d Oxfdv0vw|oh ￿lvodqg prgho￿1
<Fohduo|/ +514, dqg wkh dvvxphg lqirupdwlrq lpsolhv wkdw udwlrqdoo| h{shfwhg
lq dwlrq lv=
Z
e ’ .EZ m w￿’. E 6mw ￿ c +517,
zkhuh . lv wkh h{shfwdwlrqv rshudwru1 Vxevwlwxwlqj +514, dqg +517, lqwr +516,/ zh
kdyh=
% ’ w n 6 ￿ .E6 m w￿nDn>￿0￿ +518,
Wkh prgho wkxv hqwdlov wkh xvxdo qhxwudolw| uhvxow= rqo| xqdqwlflsdwhg djjuhjdwh
ghpdqg srolf| d￿hfwv uhdo yduldeohv1 Exw li srolf| uhvsrqgv wr vkrfnv/ lw fdq vwloo
vwdelol}h hpsor|phqw1
5151 H{ Dqwh Rswlpdo Prqhwdu| Srolf|
Zh iroorz wkh udwlrqdo h{shfwdwlrqv olwhudwxuh lq wklqnlqj derxw srolf| dv d uxoh1
Vxssrvh vrflhw| kdv wkh txdgudwlf orvv ixqfwlrq=
.duEZc%￿o ’ .dEZ ￿Z
W￿
2 n bE%￿ %
W￿
2o*2c +519,
zkhuh ZW dqg %W duh vrflhw|*v prvw suhihuuhg ydoxhv iru lq dwlrq dqg hpsor|phqw/
dqg b lv wkh uhodwlyh zhljkw rq  xfwxdwlrqv lq wkhvh wzr yduldeohv1 Dv wkh remhfwlyh
lv txdgudwlf lq pdfurhfrqrplf rxwfrphv/ zklfk lq wxuq duh olqhdu lq wkh vkrfnv/
wkh rswlpdo srolf| uxoh lv ri wkh irup=




wkdw lv/ srolf| srwhqwldoo| uhvsrqgv wr doo vkrfnv revhuydeoh wr wkh srolf|pdnhu1
Vxssrvh ixuwkhupruh wkdw wkh srolf|pdnhu fdq pdnh d elqglqj frpplwphqw wr
wkh uxoh +51:, dw wkh lqvwlwxwlrq ghvljq vwdjh +3,/ l1h1 ehiruh wkh revhuydwlrq ri w￿
Fohduo|/ vlqfh .ED￿’. E 0 ￿’f / wklv lpsolhv sulydwh vhfwru h{shfwdwlrqv=
.E6 m w￿’&n&
ww￿ +51;,
E| +514,/ +518,/ +51:, 0+51;, pdfurhfrqrplf htxloleulxp xqghu wkh uxoh lv=




% ’ w nE &
Dn￿ ￿ Dn>nE &
0￿￿￿0￿ +5143,
Zkdw lv wkh rswlpdo uxohB Vxevwlwxwh +51<,0+5143, lqwr +519,/ wdnh h{shfwdwlrqv
ryhu doo vkrfnv/ dqg vhw wkh ghulydwlyhv ri wkh uhvxowlqj h{suhvvlrq zlwk uhjdug wr
wkh lqwhufhsw dqg wkh vorsh frh!flhqwv lq +51:, htxdo wr }hur1 Wkh iroorzlqj uhvxowv
hphujh=
43+l, & ’ ZW dqg &w ’f ￿Wkh rswlpdo uxoh surylghv dq ￿dqfkru iru
lq dwlrqdu| h{shfwdwlrqv￿1 H{shfwdwlrqv duh uljkw zkhuh vrflhw| zdqwv
wkhp wr eh/ qdpho| dw wkh suhihuuhg udwh ri lq dwlrq= .EZ m w￿’
Z W 1 Wkh rswlpdo uxoh lv wkxv qhlwkhu frqglwlrqdo rq wkh revhuydeoh
vkrfn wr wkh qdwxudo udwh/ w/ qru rq vrflhw|* v rxwsxw wdujhw/ %W1 Vxfk
frqglwlrqdolw| zrxog eh hperglhg lq h{shfwdwlrqv> lw zrxog wkhuhiruh
gr qrwklqj wr vwdelol}h hpsor|phqw/ rqo| dgg frvwo| qrlvh wr lq dwlrq1
+ll, &￿ ’ ￿￿￿ Ghpdqg +yhorflw|, vkrfnv duh ixoo| vwdelol}hg1 Dv sro0
lf| dovr rshudwhv yld djjuhjdwh ghpdqg/ d frpsohwh vwdelol}dwlrq ri
ghpdqg vkrfnv qxool￿hv wkhlu h￿hfwv rq lq dwlrq dv zhoo dv rq hpsor|0
phqw1
+lll, &0 ’ b*E￿nb￿￿ Vxsso| vkrfnv duh vwdelol}hg dffruglqj wr wkh sro0
lf|pdnhu*v wudgh r￿ ehwzhhq lq dwlrq dqg hpsor|phqw  xfwxdwlrqv1
Wkh kljkhu wkh zhljkw rq hpsor|phqw/ wkh pruh wkhvh vkrfnv duh vwd0
elol}hg1


















Uhvxowv vxfk dv wkhvh kdyh ehhq￿dqg frqwlqxh wr eh￿yhu| lq xhqwldo iru dfdg0
hplf hfrqrplvwv* wklqnlqj derxw srolf|1 Wkh| vxjjhvw wkdw gholyhulqj orz lq dwlrq
dqg vwdeoh hpsor|phqw lv hvvhqwldoo| d whfkqlfdo +qrw d vwudwhjlf, sureohp= lq d0
wlrq fdq eh nhsw orz e| fohduo| dqqrxqflqj d uxoh dlplqj dw orz dyhudjh lq dwlrq1
Ghpdqg vkrfnv vkrxog eh frpsohwho| vwdelol}hg1 Wkh lq dwlrq dqg hpsor|phqw
frqvhtxhqfhv ri vxsso| vkrfnv vkrxog eh wudghg r￿ dffruglqj wr vrflhw|*v suhi0
huhqfhv1 Frqwuro huuruv duh xqdyrlgdeoh/ exw fdq shukdsv eh uhgxfhg e| ehwwhu
iruhfdvwlqj ru rshudwlqj surfhgxuhv lq prqhwdu| srolf|1 Hyhq wkrxjk wklv slfwxuh
lv wrr urv| iru d uhdolvwlf srvlwlyh prgho ri pdfurhfrqrplf srolf|/ lw vwloo surylghv
d xvhixo qrupdwlyh ehqfkpdun wkdw zh fdq xvh wr hydoxdwh wkh rxwfrph lq wkh
srvlwlyh prghov ehorz1
44Lq wkh uhpdlqghu ri wkh sdshu/ zh vlpsoli| wkh vwrfkdvwlf vwuxfwxuh e| vhwwlqj
D ’ > ’f ￿Ghpdqg vkrfnv/ dv zh vdz/ suhvhqw qr sureohp iru wkh srolf|pdnhu
lq wklv fodvv ri prghov/ surylghg wkdw wkh| fdq eh lghqwl￿hg lq wlph dqg wkdw
wkhuh duh qr rwkhu srolf| jrdov vxfk dv lqwhuhvw udwh vprrwklqj1 Frqwuro huuruv gr
suhvhqw sureohpv/ exw duh xqdyrlgdeoh1 < Zlwk wkhvh vlpsol￿fdwlrqv/ wkhuh lv qr
phdqlqjixo glvwlqfwlrq lq wkh prgho ehwzhhq 6 dqg Z￿ Iru vlpsolflw|/ zh wkhuhiruh
dvvxph wkdw wkh srolf|pdnhu vhwv Z gluhfwo|1 Zk| grq*w zh holplqdwh wkh vkrfnv
wr wkh qdwxudo udwh wc zlwk d vlplodu prwlydwlrqB Wkh dqvzhu lv wkdw vxfk vkrfnv
gr qrw d￿hfw wkh vroxwlrq xqghu frpplwphqw/ zkhuhdv wkh| gr d￿hfw srolf| lq dq
lqwhuhvwlqj zd| xqghu dowhuqdwlyh dvvxpswlrqv derxw wkh srolf|pdnlqj surfhvv1
5161 Glvfuhwlrq dqg fuhglelolw|
Lq uhdolw|/ ghflvlrqv rq prqhwdu| srolf| duh wdnhq vhtxhqwldoo| ryhu wlph/ udwkhu
wkdq rqfh dqg iru doo1 Dvvxplqj h{ dqwh frpplwphqw wr d vwdwh0frqwlqjhqw srolf|
uxoh uk|phv edgo| zlwk wklv sudfwlfh1 Lq rxu vwdwlf prgho/ uhdolw| lv ehwwhu fdswxuhg
e| dq dowhuqdwlyh wlplqj= srolf| lv fkrvhq xqghu ￿glvfuhwlrq￿ zkhq wkh srolf|
lqvwuxphqwv duh vhw dw vwdjh +7, deryh/ diwhu zdjhv kdyh ehhq vhw +Ze iruphg,
dqg vkrfnv kdyh ehhq uhdol}hg1 Wklv dggv dq h{ srvw lqfhqwlyh frpsdwlelolw|
frqglwlrq wr rxu srvlwlyh prgho= srolf| kdv wr eh rswlpdo h{ srvw￿zkhq lw lv
dfwxdoo| hqdfwhg1 Wklv dgglwlrqdo fuhglelolw| frqvwudlqw pdnhv wkh vroxwlrq ohvv
dgydqwdjhrxv iru wkh srolf|pdnhu +dqg vrflhw|,1
Wkh srolf|pdnhu vwloo vhwv Z +wkdw lv/ 6,/ vhhnlqj wr plqlpl}h wkh orvv lq +519,1
Exw doo xqfhuwdlqw| kdv ehhq uhvroyhg dw wkh qhz ghflvlrq vwdjh/ vr wkh h{shfwdwlrqv
rshudwru lv uhgxqgdqw1 Frqvlghu krz wkh orvv lv d￿hfwhg e| d pdujlqdo h{sdqvlrq/
iru jlyhq Ze dqg 01 Xvlqj +516, dqg +519,/ zh kdyh
_uEZc%￿
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zkhuh d vxevfulsw ghqrwhv d sduwldo ghulydwlyh1 E| +5146,/ wkh ehqfkpdun sro0
lf| uxoh lv qrw lqfhqwlyh frpsdwleoh xqghu glvfuhwlrq1 Vxssrvh wkdw zdjh vhwwhuv
eholhyhg lq dq dqqrxqfhphqw ri wkdw uxoh/ lpso|lqj wkdw Ze ’ ZW￿ Xvlqj wkh
<Devwudfwlqj iurp frqwuro huuruv lv lqqrfxrxv dv orqj dv wkh sxeolf fdq prqlwru prqhwdu|
srolf| shuihfwo| dqg dv orqj dv srolf|pdnhu frpshwhqf| dqg h￿ruwv duh h{rjhqrxv1 Ehorz/ zh
frpphqw rq zkhuh frqwuro huuruv zrxog pdwwhu1 Pruhryhu/ lq d ulfkhu +g|qdplf, vhwwlqj zlwk
h{shfwdfwlrqv hqwhulqj wkh djjuhjdwh ghpdqg ixqfwlrq/ ghpdqg vkrfnv dqg frqwuro huuruv pd|
jlyh ulvh wr lqfhqwlyh sureohpv vlplodu wr wkrvh glvfxvvhg ehorz1
45rswlpdo0uxohv rxwfrph lq +5144,0+5145,/ dqg hydoxdwlqj wkh ghulydwlyh lq +5146, dw
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Li suhihuuhg hpsor|phqw +rxwsxw, h{fhhgv wkh qdwxudo udwh +li %W :w ￿ / dq h{sdq0
vlrq uhgxfhv wkh orvv/ uhqghulqj wkh h{ dqwh vxe0rswlpdo srolf| uxoh h{ srvw lqrs0
wlpdo1 Rqfh zdjhv kdyh ehhq vhw/ wkh pdujlqdo lq dwlrq frvw￿wkh ￿uvw whup rq
wkh UKV ri +5146,￿lv dozd|v vpdoohu wkdq wkh pdujlqdo hpsor|phqw ehqh￿w￿wkh
vhfrqg whup rq wkh UKV143 Wkxv/ wkh h{ srvw lqfhqwlyh0frpsdwlelolw| frqvwudlqw
lv elqglqj dqg wkh orz0lq dwlrq uxoh lv qrw fuhgleoh1
D fuhgleoh srolf| pxvw vlpxowdqhrxvo| ixo￿oo wzr frqglwlrqv= +l, wkh srolf|
lv h{ srvw rswlpdo/ _u
_Z ’f / jlyhq Ze dqg 0> +ll, h{shfwdwlrqv duh udwlrqdo/ l1h1
Ze ’ .EZ m w￿￿ Lq jdph0wkhruhwlf whupv/ wkrvh duh wkh frqglwlrqv iru d Qdvk
Htxloleulxp lq d jdph zlwk pdq| dwrplvwlf sulydwh zdjh vhwwhuv +ghvlulqj wr
plqlpl}h wkh ghyldwlrq ri wkh uhdol}hg uhdo zdjh ￿￿Ze/ iurp wkh wdujhwhg uhdo zdjh
/, prylqj ehiruh wkh srolf|pdnhu144 Frqglwlrq +l, uhtxluhv wkdw wkh h{suhvvlrq lq
+5146, htxdov }hur1 Wdnlqj h{shfwdwlrqv ri wkdw h{suhvvlrq/ frqglwlrq +ll, fdq eh








zkhuh wkh ( vxshuvfulsw vwdqgv iru glvfuhwlrq1 Wkh hpsor|phqw rxwfrph uhpdlqv
dv lq +5145, h{fhsw wkdw > ’fe| dvvxpswlrq1 Li zh dvvxph %W ￿ w:f cwkh
glvfuhwlrqdu| srolf| rxwfrph lq +5147, dqg wkh frpplwphqw rxwfrph lq +5144,0
+5145, looxvwudwh wkh fhoheudwhg ￿lq dwlrq eldv￿ uhvxow= htxloleulxp lq dwlrq lv
kljkhu xqghu glvfuhwlrq wkdq xqghu frpplwphqw wr d uxoh/ zkhuhdv hpsor|phqw
lv wkh vdph/ lqghshqghqwo| ri wkh srolf| uhjlph1 Wkh eldv lv pruh surqrxqfhg wkh
kljkhu lv b +wkh pruh ydoxdeoh lv hpsor|phqw rq wkh pdujlq, dqg wkh kljkhu lv
%W uhodwlyh wr w +wkh kljkhu lv suhihuuhg hpsor|phqw uhodwlyh wr wkh qdwxudo udwh,>
erwk idfwruv frqwulexwh wr d juhdwhu ￿whpswdwlrq￿ iru wkh srolf|pdnhu wr h{sorlw
43Wr pdnh wklv pruh fohdu/ frqvlghu wkh fdvh zkhq % @3 >vxfk wkdw wkh rswlpdo uxoh suhvfulehv
wkh srolf| ￿U @ ￿￿> lpso|lqj {U @ ￿1 Wkhq/ e| +5146, wkh pdujlqdo lq dwlrq frvw lv dfwxdoo|
}hur +wr wkh ￿uvw rughu,/ zkhuhdv wkh pdujlqdo hpsor|phqw ehqh￿w lv srvlwlyh +li {￿ A￿ ,1
44Wkh htxloleulxp zrxog dovr dsso| lghqwlfdoo| wr d vlpxowdqhrxv jdph ehwzhhq wkh jryhuq0
phqw dqg d vlqjoh wudgh xqlrq1 Li wkh xqlrq pryhg ehiruh wkh jryhuqphqw/ wkh htxloleulxp pljkw
gl￿hu voljkwo|/ exw wkh ixqgdphqwdo lqfhqwlyh sureohp zrxog qrw eh d￿hfwhg
46klv vkruw0uxq delolw| wr errvw hpsor|phqw e| h{sdqvlrqdu| srolf| rqfh zdjhv duh
￿{hg1 Vlqfh wkh qdwxudo udwh w lv udqgrp/ zkhuhdv wkh hpsor|phqw wdujhw %W
suhvxpdeo| lv frqvwdqw +ru dw ohdvw pruh vwdeoh wkdq w￿/ lq dwlrq lv dovr pruh
yduldeoh xqghu glvfuhwlrq wkdq xqghu wkh uxoh1
Wkh lq dwlrq eldv lv gxh wr wzr nh| dvvxpswlrqv1 Wkh ￿uvw lv wkh vhtxhq0
wldo wlplqj ri prqhwdu| srolf| ghflvlrqv1 Wkh vhfrqg lv wkh dvvxpswlrq wkdw wkh
hpsor|phqw wdujhw lv kljkhu wkdq wkh qdwxudo udwh/ wkdw lv= %W ￿ w:f 1 Wklv
dvvxpswlrq pxvw uh hfw d odfn ri srolf| lqvwuxphqwv= vrph glvwruwlrq lq wkh od0
eru ru surgxfw pdunhw nhhsv hpsor|phqw wrr orz1 Wkh jryhuqphqw grhv qrw
uhpryh wklv glvwruwlrq> hlwkhu ehfdxvh lw grhv qrw kdyh hqrxjk srolf| lqvwuxphqwv
ru ehfdxvh wkh glvwruwlrq lv nhsw lq sodfh e| vrph rwkhu lqfhqwlyh sureohp lq wkh
srolf|0pdnlqj surfhvv1 Wkhvh dvvxpswlrqv fdswxuh lpsruwdqw ihdwxuhv ri prqh0
wdu| srolf|pdnlqj lq wkh uhdo zruog1
Lq wklv vwdwlf prgho/ wkh srolf| uhvsrqvh wr wkh vxsso| vkrfn 0 lv qrw glvwruwhg=
vkrfnv duh vwdelol}hg lq wkh vdph zd| xqghu glvfuhwlrq dqg frpplwphqw1 Wklv
htxlydohqfh grhv qrw/ krzhyhu/ fduu| ryhu wr d g|qdplf prgho zkhuh hpsor|0
phqw +exw qrw wkh hpsor|phqw wdujhw, lv vhuldoo| fruuhodwhg1 Lq vxfk d g|qdplf
prgho/ wkh ixwxuh lq dwlrq eldv ghshqgv rq fxuuhqw hpsor|phqw +vlqfh wkh ix0
wxuh htxloleulxp hpsor|phqw ghshqgv rq fxuuhqw hpsor|phqw,1 Wr uhgxfh wkh
ixwxuh lq dwlrq eldv/ wkh srolf|pdnhu wkxv uhvsrqgv pruh djjuhvvlyho| wr vxsso|
vkrfnv xqghu glvfuhwlrq wkdq xqghu frpplwphqw1 Pruhryhu/ wkh v|vwhpdwlf lq0
 dwlrq eldv lqfuhdvhv/ dv dq h{ srvw h{sdqvlrq wrgd| h{sdqgv erwk fxuuhqw dqg
ixwxuh hpsor|phqw145
Wkh ￿glvwruwlrq￿ lq wkh srolf|pdnlqj surfhvv fdq eh ghvfulehg dv iroorzv= xq0
ghu glvfuhwlrq/ wkh srolf|pdnhu +fruuhfwo|, idlov wr lqwhuqdol}h wkh pdsslqj iurp
dfwxdo srolf| wr h{shfwhg srolf|1 Kh lv qrw ehlqj irrolvk= kh uhdoo| fdqqrw lq xhqfh
sulydwh vhfwru h{shfwdwlrqv1 Wklv lv zkdw zh phdq zkhq vd|lqj wkdw d +orz lq d0
wlrq, srolf| ￿odfnv fuhglelolw|￿1 \hw/ dfwxdo srolf| pdsv lqwr h{shfwhg srolf| lq
htxloleulxp zkhq sulydwh djhqwv kdyh udwlrqdo h{shfwdwlrqv1 Xqghu frpplwphqw/
rq wkh frqwudu|/ wkh srolf|pdnhu lqwhuqdol}hv wklv htxloleulxp pdsslqj> lqghhg
dqqrxqflqj wkh rswlpdo srolf| uxoh eulqjv udwlrqdoo| h{shfwhg lq dwlrq grzq suh0
flvho| wr wkh suhihuuhg udwh ri lq dwlrq1 Wkh frqfoxvlrqv duh suhww| vwdun1 Iluvw/ d
ghvludeoh srolf| uxoh grhv qrw ehfrph fuhgleoh mxvw e| dqqrxqflqj lw> lv wkxv srlqw0
45Vyhqvvrq +4<<:d, suryhv wklv uhvxow irupdoo|/ gudzlqj rq hduolhu zrun e| Orfnzrrg/ Ploohu
dqg ]kdqj +4<<8, dqg Mrqvvrq +4<<8e,1 Vhh dovr Revwihog +4<<:, iru d uhodwhg uhvxow lq d g|qdplf
prgho ri vhljqrudjh1 Ehhwvpd dqg Eryhqehuj +4<<:,/ vkrz wkdw vwdelol}dwlrq eldv dulvhv dovr
zkhq prqhwdu| dqg ￿vfdo srolf| duh sxuvxhg e| gl￿huhqw dxwkrulwlhv zlwk glyhujlqj remhfwlyhv1
47ohvv wr uhfrpphqg d qrq0fuhgleoh srolf| uxoh1 Vhfrqg/ wkh lqdelolw| wr frpplw wr d
srolf| uxoh kdv reylrxv frvwv1 Lqvwlwxwlrqdo uhirupv wkdw jlyh srolf|pdnhuv juhdwhu
frpplwphqw delolw| fdq wkxv eh ghvludeoh1
Wklv vlpsoh prgho ri prqhwdu| srolf| fuhglelolw| lv riwhq fulwlfl}hg zlwk uhi0
huhqfh wr wkh sodxvleoh remhfwlrq wkdw ￿uhdo zruog srolf|pdnhuv duh qrw wu|lqj wr
vxusulvh wkh sulydwh vhfwru zlwk xqh{shfwhg lq dwlrq￿1 Exw wklv fulwlflvp plvvhv
wkh srlqw ri wkh dqdo|vlv1 Wkh prgho grhv qrw suhglfw wkdw wkh srolf|pdnhu wulhv
wr jhqhudwh srolf| vxusulvhv lq htxloleulxp1 Rq wkh frqwudu|/ lq htxloleulxp wkh
srolf|pdnhu zrxog olnh wr eulqj lq dwlrq grzq exw uhiudlqv iurp grlqj vr dv klv
odfn ri fuhglelolw| zrxog wxuq dq| dqwl0lq dwlrqdu| srolf| lqwr d uhfhvvlrq1 Lq
rwkhu zrugv/ wkh prgho suhglfwv dq lqhuwld ri h{shfwdwlrqv wr d vxerswlpdoo| kljk
lq dwlrq udwh/ dqg d gl!fxow| lq fxuelqj wkhvh h{shfwdwlrqv grzq wr wkh vrfldoo|
h!flhqw udwh1 Zkdw wkh prgho grhv uho| rq/ krzhyhu/ lv dq dvvxpswlrq wkdw wkh
srolf|pdnhu zrxog zdqw wr jhqhudwh srolf| vxusulvhv rxwvlgh ri htxloleulxp wr d
pruh idyrudeoh rxwfrph1 Lv wklv d sodxvleoh srvlwlyh prgho ri lq dwlrq B Vrph
revhuyhuv/ olnh PfFdooxp +4<<9,/ dssduhqwo| gr qrw wklqn vr1 D frqylqflqj uh0
exwwdo vkrxog dgguhvv wkh txhvwlrq douhdg| srvhg e| Wd|oru +4<;6,/ zkr￿lq klv
glvfxvvlrq ri Eduur dqg Jrugrq +4<;6e,￿dvnhg zk| vrflhw| kdv qrw irxqg zd|v
durxqg wkh fuhglelolw| sureohp lq prqhwdu| srolf|/ zkhq lw kdv irxqg zd|v durxqg
wkh fuhglelolw| sureohp ri judqwlqj surshuw| uljkwv wr sdwhqw kroghuv1 Wklv txhv0
wlrq lv ehvw dgguhvvhg lq frqqhfwlrq zlwk d forvhu glvfxvvlrq ri wkh lqvwlwxwlrqv ri
prqhwdu| srolf|pdnlqj/ vr zh frph edfn wr lw lq Vhfwlrq 71
Zkdw duh wkh revhuydeoh lpsolfdwlrqv ri wkh dqdo|vlv vr iduB Rqh lpsolfdwlrq
lv wkdw d elqglqj fuhglelolw| sureohp zrxog vkrz xs e| wkh fhqwudo edqn uhdfwlqj
wr yduldeohv wkdw hqwhuhg wkh sulydwh vhfwru*v lqirupdwlrq vhw +ehiruh srolf| lv vhw,/
zkhuhdv wkh uhdfwlrq ixqfwlrq zrxog qrw lqfoxgh vxfk yduldeohv xqghu frpplwphqw1
Khqfh/ wkh xqfrqglwlrqdo yduldqfh ri lq dwlrq lv kljkhu xqghu glvfuhwlrq1 Li wkh
fuhglelolw| sureohp lv fdxvhg e| d kljk b/ wkh prgho lqghhg suhglfwv d srvlwlyh
fruuhodwlrq ehwzhhq dyhudjh lq dwlrq dqg wkh yduldqfh ri lq dwlrq/ lq frqiruplw|
zlwk lqwhuqdwlrqdo hylghqfh1
Wkh glvfuhwlrqdu| prgho dovr vxjjhvwv d sodxvleoh h{sodqdwlrq ri wkh vhfxodu
wuhqg lq lq dwlrq h{shulhqfhg e| wkh lqgxvwuldol}hg frxqwulhv dqg phqwlrqhg lq wkh
lqwurgxfwlrq1 Wkh ￿iwlhv dqg vl{wlhv zhuh d shulrg zlwkrxw vhulrxv vxsso| vkrfnv
dqg zlwk d orz qdwxudo udwh ri xqhpsor|phqw +orz yduldqfh ri 0/ kljk uhdol}dwlrqv
ri w,/ zklfk pdgh lw hdv| wr nhhs lq dwlrq orz1 Hqwhu wkh vhyhqwlhv zlwk vhyhuh
vxsso| vkrfnv +kljk uhdol}dwlrqv ri 0, sxvklqj xs wkh qdwxudo udwh +wr fdswxuh wklv
lq wkh prgho zrxog uhtxluh vhuldo fruuhodwlrq lq hpsor|phqw, dqg lq dwlrq> zh
48pd| wkhq lqwhusuhw wkh ulvh lq lq dwlrq dv wkh uhvxow ri srolf|pdnhuv pdlqwdlqlqj
wkhlu hduolhu kljk hpsor|phqw remhfwlyhv +%W vwd|lqj frqvwdqw ru idoolqj e| ohvv
wkdq w,1 Wkh judgxdo ghfolqh lq lq dwlrq iurp wkh plg hljkwlhv dqg rqzdug/ gh0
vslwh frqwlqxhg kljk qdwxudo udwhv +lq Hxursh,/ fdq eh xqghuvwrrg wr ghulyh iurp
srolf|pdnhuv judgxdoo| dgdswlqj wkhlu hpsor|phqw dpelwlrqv wr wkh vwuxfwxudo
sureohpv lq wkh oderu pdunhw +%W guliwlqj grzqzdugv ryhu wlph, dqg iurp wkh
lqvwlwxwlrqdo uhirupv lq fhqwudo edqnlqj duudqjhphqwv lq d qxpehu ri frxqwulhv
lq wkh uhfhqw ghfdgh1 Qdwxudoo|/ ohduqlqj iurp sdvw srolf| plvwdnhv lv dovr olnho|
wr kdyh sod|hg dq lpsruwdqw uroh1 Wr gdwh/ wlph0vhulhv lpsolfdwlrqv ri wklv w|sh
kdyh uhfhlyhg wrr olwwoh dwwhqwlrq lq wkh fuhglelolw| olwhudwxuh146 Lqvwhdg/ wkh olwhu0
dwxuh kdv irfxvhg rq qrupdwlyh lvvxhv ri lqvwlwxwlrqdo uhirup/ dqg wr vrph h{whqw
rq h{sodlqlqj furvv0vhfwlrqdo gl￿huhqfhv lq pdfurhfrqrplf rxwfrphv e| gl￿huhqw
lqvwlwxwlrqv1
5171 Uhsxwdwlrq
Rqh fdq fulwlfl}h wkh vlpsoh prgho glvfxvvhg vr idu iru ehlqj vwdwlf dqg idlolqj
wr fdswxuh wkh uhshdwhg qdwxuh ri srolf|pdnlqj1 Vshfl￿fdoo|/ wkh prgho uhmhfwv
uhshdwhg lqwhudfwlrq zlwk wkh sxeolf dqg khqfh ljqruhv uhsxwdwlrqdo irufhv1 D
eudqfk ri wkh olwhudwxuh kdv vwxglhg uhsxwdwlrqdo irufhv lq ghwdlo1 Wkh pdlq uhvxow
lv wkdw d olqn iurp fxuuhqw revhuyhg srolf| wr ixwxuh h{shfwhg srolf| fdq lqghhg
glvflsolqh wkh srolf|pdnhu dqg uhvwruh fuhglelolw|1 Zlwk uhshdwhg lqwhudfwlrq/ d
srolf|pdnhu rshudwlqj xqghu glvfuhwlrq idfhv dq lqwhuwhpsrudo wudgh0r￿= wkh ix0
wxuh frvwv ri kljkhu h{shfwhg lq dwlrq/ fdxvhg e| h{sdqvlrq wrgd|/ pd| pruh wkdq
rxwzhljk wkh fxuuhqw ehqh￿wv ri kljkhu hpsor|phqw1
Wr looxvwudwh wkh lghd/ frqvlghu wkh prgho ri Vxevhfwlrq 516/ uhshdwhg ryhu dq
lq￿qlwh krul}rq1 Wkh srolf|pdnhu*v lqwhuwhpsrudo orvv ixqfwlrq/ iurp wkh ylhz0






zkhuh B lv d glvfrxqw idfwru1 Wr vlpsoli| wkh dojheud/ zh dvvxph wkh vwdwlf orvv
ixqfwlrq wr eh olqhdu/ qrw txdgudwlf/ lq hpsor|phqw=
uEZc%￿’Z
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46Vhh/ krzhyhu/ wkh uhfhqw sdshuv e| Sdunlq +4<<6,/ Eduur dqg Eurdgehqw +4<<8, dqg Eurdg0
ehqw +4<<9,1
49Zlwk wkh vlpsohu orvv ixqfwlrq/ wkh h{ dqwh rswlpdo srolf| uxoh lv vlpso| wr kdyh
}hur lq dwlrq doo wkh wlph dqg wr dffhsw hpsor|phqw % ’ w ￿ 0 +vlqfh ZW ’fdqg
hpsor|phqw yrodwlolw| lv qrw frvwo| ,/ zkloh wkh vwdwlf htxloleulxp xqghu glvfuhwlrq
kdv lq dwlrq htxdo wr b dqg hpsor|phqw vwloo dw % ’ w ￿ 0￿
Zh qrz vkrz wkdw/ hyhq xqghu glvfuhwlrq/ uhsxwdwlrq fdq lqghhg fuhdwh vwurqj
hqrxjk lqfhqwlyhv wr hqirufh }hur lq dwlrq1 Dv dq h{dpsoh/ dvvxph wkdw zdjh
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Htxdwlrq +514:, vd|v wkdw zdjh vhwwhuv wuxvw d srolf|pdnhu zkr vwlfnv wr }hur
lq dwlrq lq shulrg | wr frqwlqxh zlwk wklv vdph srolf| lq wkh qh{w shulrg1 Exw li
wkh| revhuyh dq| rwkhu srolf| lq shulrg |/ wkh| orvh wklv wuxvw dqg lqvwhdg h{shfw
wkh glvfuhwlrqdu| srolf| wr eh sxuvxhg iru wkh qh{w A shulrgv1 D srolf|pdnhu
frqiurqwhg zlwk vxfk h{shfwdwlrq irupdwlrq/ lq h￿hfw/ idfhv d qrq0olqhdu lqfhqwlyh
vfkhph= kh lv ￿uhzdughg￿ iru vwlfnlqj wr wkh uxoh/ exw kh lv ￿sxqlvkhg￿ li ghyldwlqj
iurp lw1 Frqvlghu d srolf|pdnhu wkdw hqmr|v wkh wuxvw ri wkh sxeolf +l1h1 Ze
r ’f ,1
Zkhq lv wkh sxqlvkphqw vwurqj hqrxjk wr rxwzhljk wkh lpphgldwh ehqh￿w ri
fkhdwlqj rq wkh uxohB
Wr dqvzhu irupdoo|/ qrwh wkdw wkh rswlpdo ghyldwlrq +irxqg e| plqlpl}lqj
wkh vwdwlf orvv ixqfwlrq/ jlyhq 0 dqg Ze
r ’f ￿lv vlpso| Zr ’ bc wkxv lpso|lqj
hpsor|phqw %r ’ bnwr￿0r￿ Diwhu vrph dojheud/ wkh fxuuhqw ehqh￿w iurp fkhdwlqj
fdq wkhq eh h{suhvvhg dv=
￿ ’ uEfcw r￿0 r￿￿uEbcbnwr ￿0r￿’b
2* 2 ￿ +514;,
Gxh wr wkh vlpsohu orvv ixqfwlrq/ wkh ehqh￿w lv lqghshqghqw ri wkh uhdol}dwlrqv
ri w dqg 01 Wkh sxqlvkphqw frphv iurp kdylqj wr olyh zlwk kljkhu h{shfwhg
dqg dfwxdo lq dwlrq lq wkh qh{w A shulrgv1 Zk| kljkhu dfwxdo lq dwlrqB Dv wkh
h{shfwdwlrqv lq +514:, duh frqvlvwhqw zlwk wkh vwdwlf Qdvk Htxloleulxp rxwfrph lq
Vhfwlrq 516/ lw lv lqghhg rswlpdo iru wkh srolf|pdnhu wr ehdu wkh sxqlvkphqw li lw
lv hyhu lpsrvhg1 Lq rwkhu zrugv/ wkh sulydwh vhfwru*v h{shfwdwlrqv zloo eh ixo￿oohg/












zklfk lv fohduo| vwdwlrqdu| li zh dvvxph wkdw w lv l1l1g ryhu wlph1 Reylrxvo|/ wkh
srolf|pdnhu ￿qgv lw rswlpdo wr vwlfn wr wkh }hur lq dwlrq uxoh dv orqj dv ￿ ￿ ￿￿
Lqvshfwlrq ri +514<, dqg +514;, uhyhdov wkdw wklv lv pruh olnho| wkh kljkhu wkh
glvfrxqw idfwru B dqg wkh orqjhu wkh krul}rq A iru zklfk lq dwlrqdu| h{shfwdwlrqv
jr xs diwhu d ghyldwlrq1
Pdq| h{whqvlrqv ri wklv edvlf iudphzrun duh ihdvleoh> dqg vrph kdyh ehhq
sxuvxhg lq wkh olwhudwxuh1 Iru lqvwdqfh/ li zh uhwdlqhg wkh txdgudwlf orvv ixqfwlrq
ri wkh suhylrxv vxevhfwlrq/ wkh ehqh￿w ri fkhdwlqj zrxog eh dq lqfuhdvlqj ixqfwlrq
ri wkh dfwxdo uhdol}dwlrq ri w/ zkloh wkh frvw zrxog ghshqg rq wkh yduldqfh dqg
wkh h{shfwhg ydoxh ri w￿ Dv d uhvxow/ hyhq zlwk uhsxwdwlrq/ htxloleulxp lq dwlrq
zrxog frqwlqxh wr ghshqg rq wkh dfwxdo uhdol}dwlrq ri w= d kljk ydoxh ri w pdnhv
wkh lqfhqwlyh0frpsdwlelolw| frqglwlrq pruh elqglqj/ dv lw lqfuhdvhv wkh ehqh￿w ￿
exw qrw wkh frvw ￿1 Wkh orzhvw vxvwdlqdeoh lq dwlrq udwh +gh￿qhg e| wkh frqglwlrq
wkdw ￿ ’ ￿, zrxog eh dq lqfuhdvlqj ixqfwlrq ri w￿ Wkxv/ uhsxwdwlrq zrxog uhgxfh
dyhudjh lq dwlrq exw zrxog qrw fkdqjh wkh pdlq srvlwlyh lpsolfdwlrqv ri wkh prgho
ri wkh suhylrxv vhfwlrq1
Fdq}rqhul +4<;8, vwxglhg d iudphzrun zlwk vkrfnv wr lq dwlrq wkdw duh xq0
revhuydeoh wr sulydwh djhqwv erwk h{ dqwh dqg h{ srvw> dq h{dpsoh frxog eh wkh
> vkrfnv lq +514, deryh1 Li revhuyhg lq dwlrq h{fhhgv vrph wkuhvkrog/ vxfk prq0
lwrulqj sureohpv jlyh ulvh wr whpsrudu| rxweuhdnv ri dfwxdo dqg h{shfwhg lq d0
wlrq/ ehfdxvh wkh sxeolf fdqqrw fohduo| lqihu zkhwkhu kljk lq dwlrq lv gxh wr
odujh vkrfnv ru wr gholehudwh fkhdwlqj1 Edfnxv dqg Gul!oo +4<;8,/ Eduur +4<;8,/
Wdehoolql +4<;8, dqg +4<;:, dqg Ylfnhuv +4<;9, vwxglhg uhsxwdwlrqdo prghov zkhuh
wkh sulydwh djhqwv duh xqfhuwdlq derxw wkh srolf|pdnhuv ￿w|sh￿ +dv klv b lq wkh
prgho deryh,1 Wkh| xvh wkh lqirupdwlrq hperglhg lq fxuuhqw revhuydwlrqv ri sro0
lf| wr ohduq derxw wklv w|sh/ dqg wkh srolf|pdnhu vhwv srolf| rswlpdoo| zlwk d
47E| wklv dujxphqw wkh dqdo|vlvlghqwl￿hv d vhtxhqwldoo| udwlrqdo +vxejdphshuihfw, htxoleulxp1
Iru rwkhu h{shfwdwlrq irupdwlrq vfkhphv/ lq zklfk h{shfwdwlrqv fkdqjhg pruh gudvwlfdoo| diwhu
d ghyldwlrq/ zh zrxog kdyh wr lpsrvh d vhsdudwh lqfhqwlyh0frpsdwlelolw| frqvwudlqw/ qdpho| wkdw
lw lv lqghhg rswlpdo wr fduu| rxw dqg ehdu wkh sxqlvkphqw diwhu d ghyldwlrq +vhh Shuvvrq dqg
Wdehoolql +4<<3/ fk 6, rq wklv srlqw,1
4;ylhz wr wklv sulydwh ohduqlqj surfhvv1 Vxfk prghov looxvwudwh krz d ￿grylvk￿ srol0
f|pdnhu +vrphrqh zlwk d kljk b ru zlwkrxw dffhvv wr d frpplwphqw whfkqrorj|,
fdq whpsrudulo| eruurz wkh uhsxwdwlrq ri d ￿kdznlvk￿ srolf|pdnhu +vrphrqh zlwk
do r zbru zlwk dffhvv wr d frpplwphqw whfkqrorj|,1 Wkh| dovr looxvwudwh krz
d kdznlvk srolf|pdnhu pd| kdyh wr lpsrvh vhyhuh rxwsxw frvwv rq wkh hfrqrp|
wr fuhgleo| hvwdeolvk d uhsxwdwlrq1 Wklv lv gl￿huv iurp wkh htxloleulxp frqvlghuhg
deryh/ zkhuh wkh srolf|pdnhu phuho| pdlqwdlqv d uhsxwdwlrq kh lv oxfn| hqrxjk
wr kdyh1
Fxnlhupdq dqg Phow}hu +4<;9, dovr vwxglhg fuhglelolw| dqg sulydwh ohduqlqj
exw lq d ulfkhu g|qdplf vhwwlqj/ zkhuh sdudphwhuv lq wkh fhqwudo edqn*v remhfwlyh
ixqfwlrq ydu| vwrfkdvwlfdoo| ryhu wlph1
Wkh fhqwudo lqvljkw ri wkh uhsxwdwlrq olwhudwxuh lv wkdw rqjrlqj lqwhudfwlrq
ehwzhhq d srolf|pdnhu dqg sulydwh djhqwv fdq plwljdwh wkh lq dwlrq eldv dqg
uhvwruhv vrph fuhglelolw| wr prqhwdu| srolf|1 Zkhwkhu wkh sureohp lv hqwluho|
uhpryhg lv pruh frqwuryhuvldo/ krzhyhu/ dqg ghshqgv rq ghwdlov ri wkh prgho dqg
wkh h{shfwdwlrqv irupdwlrq phfkdqlvp1 Hyhq wkrxjk wkh lqvljkw lv lpsruwdqw/ wkh
uhsxwdwlrq olwhudwxuh vx￿huv iurp wkuhh zhdnqhvvhv1 Dv lq wkh wkhru| ri uhshdwhg
jdphv/ wkhuh lv d pxowlsoh0htxloleulxp sureohp/ zklfk vwulnhv zlwk sduwlfxodu irufh
djdlqvw d srvlwlyh prgho ri prqhwdu| srolf|1 Pruhryhu/ wkh sureohp ri krz wkh
sod|huv vrphkrz pdjlfdoo| frruglqdwh rq rqh ri wkh pdq| srvvleoh htxloleuld lv
zruvh zkhq wkh jdph lqyroyhv d odujh qxpehu ri sulydwh djhqwv udwkhu wkdq d
ihz roljrsrolvwv1 Ilqdoo|/ wkh qrupdwlyh lpsolfdwlrqv duh xqfohdu1 Wkh h{lvwhqfh
ri uhsxwdwlrqdo htxloleuld zlwk jrrg rxwfrphv lv qrw khosixo wr d frxqwu| zkhuh
lq dwlrq lv sduwlfxoduo| kljk dw d jlyhq prphqw lq wlph1 Wkh odfn ri vxjjhvwlrqv
iru srolf| lpsuryhphqwv lv dqrwkhu uhdvrq zk| uhvhdufkhuv odujho| wxuqhg dzd|
iurp uhsxwdwlrqdo prghov/ wrzdugv dq dqdo|vlv ri wkh srolf| lqfhqwlyhv hqwdlohg lq
gl￿huhqw prqhwdu| srolf| lqvwlwxwlrqv148
5181 Qrwhv rq wkh Olwhudwxuh
Wh{werrn wuhdwphqwv ri wkh jhqhudo pdwhuldo lq wklv vhfwlrq fdq eh irxqg lq Shuv0
vrq dqg Wdehoolql +4<<3/ Fkv1 407,/ dqg lq Fxnlhupdq +4<<5/ Fkv1 <044/ 49,/
erwk fryhulqj wkh olwhudwxuh xs wr durxqg 4<<31 Wkh olwhudwxuh rq fuhglelolw| lq
48Vrph lqwhuhvwlqj uhfhqw zrun/ krzhyhu/ vxjjhvwv dq lqvwlwxwlrqdo lqwhusuhwdwlrq ri vrph ri
wkhvh uhsxwdwlrqdo htxloleuld dujxlqj wkdw vrph lqvwlwxwlrqdo dujxphqwv duh pruh frqgxflyh wr
uhsxwdwlrq exloglqj wkdq rwkhuv> vhh Mhqvhq +4<<9,/ do Qrzdlkl dqg Ohylqh +4<<9, dqg Khuuhqgrui
+4<<9,1 Wkh lghdv duh uhodwhg wr Vfkrwwhu +4<;4, dqg wr wkh ylhz wkdw lqwhuqdwlrqdo lqvwlwxwlrqv
pd| idflolwdwh frrshudwlrq lq wudgh srolf| +vhh Vwdljhu +4<<8, iru d vxuyh|,1
4<prqhwdu| srolf| vwduwv zlwk N|godqg dqg Suhvfrww +4<::,/ zkr lqfoxghg d eulhi
vhfwlrq zlwk wkh edvlf lqvljkw ri wkh vwdwlf prgho lq Vhfwlrq 5161 Eduur dqg Jru0
grq +4<;6d, irupxodwhg d olqhdu0txdgudwlf yhuvlrq dqg sxvkhg lwv xvh dv d srvlwlyh
prgho ri prqhwdu| srolf|1 Fdoyr +4<:;, vwxglhg wkh fuhglelolw| sureohp ri prqh0
wdu| srolf| lq d g|qdplf prgho/ zkhuh wkh vkruw0uxq whpswdwlrq wr lq dwh dulvhv
iru sxeolf0￿qdqfh uhdvrqv1 Revwihog +4<<:, surylghv dq lqvljkwixo dqdo|vlv ri wkh
fuhgleoh srolflhv lq d g|qdplf vhljqrudjh prgho1 G|qdplf prghov ri wkh hpsor|0
phqw prwlyh wr lq dwh zhuh ghyhorshg e| Orfnzrrg dqg Sklolssrsrxoxv +4<<7,/
Orfnzrrg/ Ploohu dqg ]kdqj +4<<8,/ dqg Mrqvvrq +4<<8e,1 Sdunlq +4<<6, dujxhv
wkdw wkh juhdw lq dwlrq ri wkh vhyhqwlhv fdq eh h{sodlqhg e| dq lqfuhdvh lq wkh
qdwxudo udwh lq wkh nlqg ri prgho ghdow zlwk khuh1
Eduur dqg Jrugrq +4<;6e, vwduwhg wkh wkhruhwlfdo olwhudwxuh rq uhsxwdwlrq lq
prqhwdu| srolf|/ gudzlqj rq wkh zrun rq wuljjhu vwudwhjlhv lq uhshdwhg jdphv zlwk
frpsohwh lqirupdwlrq1 Edfnxv dqg Gul!oo +4<;8,/ Wdehoolql +4<;8, dqg +4<;:,/ dqg
Eduur +4<;9, ghyhorshg lqfrpsohwh lqirupdwlrq prghov ri uhsxwdwlrq/ hpskdvl}lqj
krz d grylvk srolf|pdnhu fdq eruurz d uhsxwdwlrq iurp d vxshu0kdznlvk srolf|0
pdnhu zkr rqo| fduhv derxw lq dwlrq dqg qrw dw doo derxw hpsor|phqw1 Ylfnhuv
+4<;9, lqvwhdg hpskdvl}hg krz d srolf|pdnhu zkr vhulrxvo| zdqwv wr ￿jkw lq d0
wlrq pd| kdyh wr hqjdjh lq frvwo| uhfhvvlrqdu| srolflhv lq rughu wr vljqdo klv wuxh
lghqwlw| wr dq lqfrpsohwho| lqiruphg sxeolf1 Uhsxwdwlrq zlwk lpshuihfw prqlwru0
lqj ri prqhwdu| srolf| zdv ￿uvw vwxglhg e| Fdq}rqhul +4<;8,1 Jurvvpdq dqg ydq
Kx|fn +4<;9, dqg Kruq dqg Shuvvrq +4<;;, vwxglhg uhsxwdwlrqdo prghov ghdolqj
zlwk wkh lq dwlrq wd{ dqg h{fkdqjh udwh srolf|/ uhvshfwlyho|1 Urjr￿ +4<;:, lq0
foxghv dq lqvljkwixo glvfxvvlrq derxw wkh surv dqg frqv ri wkh uhsxwdwlrqdo prghov
ri prqhwdu| srolf|1
61 Srolwlfdo F|fohv
Wkh hpslulfdo hylghqfh iru wkh ghprfudwlf RHFG frxqwulhv gxulqj wkh srvw0
zdu shulrg vxjjhvwv v|vwhpdwlf suh0hohfwrudo h{sdqvlrqdu| srolflhv￿idfw +ly, lq
wkh lqwurgxfwlrq￿dv zhoo d srvw0hohfwlrq sduwlvdq f|foh lq uhdo yduldeohv dqg
lq dwlrq￿idfw +y,1 Wkhvh ￿idfwv￿ ydu| vrphzkdw ghshqglqj rq wkh frxqwu| dqg
wkh wlph shulrg frqvlghuhg dqg wkhlu urexvwqhvv kdv qrw ehhq fkhfnhg zlwk wkh
vdph vwdqgdugv dv/ vd|/ lq wkh prghuq pdfurhrfrqrphwulf olwhudwxuh dwwhpswlqj
wr lghqwli| lqqrydwlrqv lq prqhwdu| srolf|149 Exw wkh| duh lqwhuhvwlqj hqrxjk wr
49Idxvw dqg Lurqv +4<<9, fulwlfl}h wkh olwhudwxuh rq sduwlvdq f|fohv lq wkh XV iru idlolqj wr
frqwuro iru vlpxowdqhlw|0 dqg rplwwhg0yduldeoh eldv dqg dujxh wkdw wkh vxssruw iru d sduwlvdq
53prwlydwh wklv olqh ri uhvhdufk1
Wkh hpslulfdo hylghqfh dovr lqglfdwhv wkdw wkhuh lv vr0fdoohg ￿uhwurvshfwlyh
yrwlqj￿= wkh olnholkrrg ri hohfwlrq ylfwru| iru wkh lqfxpehqw jryhuqphqw ru ohjlv0
odwxuh ghshqgv odujho| rq wkh vwdwh ri wkh hfrqrp|> dv h{shfwhg/ d kljkhu jurzwk
udwh errvwv wkh uh0hohfwlrq suredelolw| ri wkh lqfxpehqw14: Lw lv wkhq whpswlqj wr
￿h{sodlq￿ idfw +ly,￿wkh srolwlfdo exvlqhvv f|foh￿e| rssruwxqlvwlf jryhuqphqwv
vhhnlqj uh0hohfwlrq e| wdnlqj dgydqwdjh ri wkh yrwhuv* luudwlrqdolw|1 Exw krz fdq
zh fodlp wkdw wkh vdph lqglylgxdov dfw lq d udwlrqdo dqg iruzdug0orrnlqj zd| dv
hfrqrplf djhqwv/ exw ehfrph irrov zkhq fdvwlqj wkhlu yrwhB Rqh ri wkh sx}}ohv
dq| udwlrqdo wkhru| ri srolwlfdo exvlqhvv f|fohv pxvw dgguhvv lv wkxv krz wr uhfrq0
floh uhwurvshfwlyh yrwlqj zlwk wkh hylghqfh ri v|vwhpdwlf srolf| h{sdqvlrqv ehiruh
hohfwlrqv1 Wklv sx}}oh lv dgguhvvhg lq vxevhfwlrq 614/ xqghu wkh dvvxpswlrq wkdw
yrwhuv duh udwlrqdo exw lpshuihfwo| lqiruphg/ dqg wkdw wkh jryhuqphqw lv rssru0
wxqlvwlf dqg pdlqo| prwlydwhg e| vhhnlqj uh0hohfwlrq1 Wklv vhfwlrq exlogv rq zrun
e| Orkpdq +4<<9,/ Urjr￿ dqg Vlehuw +4<;;, dqg Shuvvrq dqg Wdehoolql +4<<3,1
Wkh fruuhodwlrqv ehwzhhq pdfurhfrqrplf rxwfrphv dqg wkh sduw| lq r!fh
duh hdvlhu wr h{sodlq/ surylghg wkdw zh duh zloolqj wr dvvxph srolf|pdnhuv wr
eh prwlydwhg e| lghrorj| +kdyh suhihuhqfhv ryhu rxwfrphv, dqg/ rqfh lq r!fh/
suhsduhg wr fduu| rxw wkhlu rzq djhqgd1 Wkhvh dvvxpswlrqv ohdg wr d wkhru|
ri ￿sduwlvdq￿ srolwlfdo exvlqhvv f|fohv/ zklfk lv vxppdul}hg lq vxevhfwlrq 615/
iroorzlqj wkh slrqhhulqj zrun e| Dohvlqd +4<;:,1
6141 Rssruwxqlvwlf Jryhuqphqwv
Wkurxjkrxw wklv vhfwlrq/ zh glvfxvv srolwlfdo exvlqhvv f|fohv lq wkh vlpsoh prq0
hwdu| srolf| prgho ri Vhfwlrq 5/ dv grhv prvw ri wkh olwhudwxuh1 Exw wkh lghdv
jhqhudoo| dsso| wr djjuhjdwh ghpdqg pdqdjhphqw/ lqfoxglqj ￿vfdo srolf|1 Zh
ghdo lq wxuq zlwk ￿prudo kd}dug￿ dqg ￿dgyhuvh vhohfwlrq￿/ zkhuh wkh odehov uhihu
wr wkh lqirupdwlrqdo dv|pphwu| ehwzhhq yrwhuv dqg wkh hohfwhg srolf|pdnhu1
f|foh lq rxwsxw lv pxfk zhdnhu wkdq zkdw d fxuvru| lqvshfwlrq ri wkh gdwd zrxog vxjjhvw1 Plvkud
+4<<:, xvhv prghuq sdqho gdwd hvwlpdwlrq whfkqltxhv wu|lqj wr frqwuro iru vlplodu eldvhv lq d
sdqho ri 43 RHFG frxqwulhv1 Kh ￿qgv vwurqj vxssruw iru d srvw0hohfwrudo sduwlvdq f|foh dqg
zhdnhu vxssruw iru d suh0hohfwrudo f|foh1
4:Vhh/ iru lqvwdqfh/ Idlu +4<:;,1
54614141 Prudo Kd}dug lq Prqhwdu| Srolf|
Wkh prgho lq wklv ￿uvw vxevhfwlrq lv dgdswhg iurp Orkpdq +4<<9,/ zkrvh zrun
exlogv rq wkdw e| Shuvvrq dqg Wdehoolql +4<<3, dqg Kropvwurp +4<;5,1 Lwv pdlq
lqvljkw lv wkdw hohfwlrqv djjudydwh wkh fuhglelolw| sureohp ri prqhwdu| srolf|/
ehfdxvh wkh| udlvh wkh ehqh￿w ri vxusulvh lq dwlrq iru wkh lqfxpehqw1
Frqvlghu d yhuvlrq ri wkh prgho lq Vxevhfwlrq 5171 Yrwhuv duh udwlrqdo/ kdyh
dq lq￿qlwh krul}rq dqg duh doo lghqwlfdo1 Wkhlu suhihuhqfhv duh vxppdul}hg e| d
orvv ixqfwlrq gh￿qhg ryhu lq dwlrq dqg hpsor|phqw/ lghqwlfdo wr +5148, dqg +5149,
deryh￿dqg duh wkxv olqhdu lq hpsor|phqw1 Srolwlfdo fdqglgdwhv kdyh wkh vdph
remhfwlyhv/ gh￿qhg ryhu rxwsxw dqg lq dwlrq/ dv wkh yrwhuv1 Lq dgglwlrq/ wkh|
hqmr| ehlqj lq r!fh= wkhlu orvv lv uhgxfhg e| g xqlwv hdfk shulrg wkh| krog r!fh1
Fdqglgdwhv gl￿hu lq wkhlu delolw| wr vroyh srolf| sureohpv1 Rqh fdqglgdwh
pd| eh sduwlfxoduo| deoh wr ghdo zlwk wudgh xqlrqv/ dqrwkhu wr ghdo zlwk dq rlo
sulfh vkrfn/ d wklug lv ehwwhu deoh wr rujdql}h klv dgplqlvwudwlrq1 Wklv frpsh0
whqfh lv uh hfwhg lq rxwsxw jurzwk +hpsor|phqw,= d pruh frpshwhqw fdqglgdwh
eulqjv derxw kljkhu jurzwk/ fhwhulv sdulexv1 Wr fdswxuh wklv/ zh zulwh wkh Skloolsv
fxuyh h{dfwo| dv lq +516,/ h{fhsw wkdw zh vhw w wr }hur> zh wkxv frqvlghu rqo| 0
vkrfnv/ exw fkdqjh wkhlu lqwhusuhwdwlrq1 Wkurxjkrxw wklv vhfwlrq/ 0 fdswxuhv wkh
frpshwhqfh ri wkh lqfxpehqw srolf|pdnhu/ qrw h{rjhqrxv vxsso| vkrfnv1 Zh dv0
vxph wkdw wkh frpshwhqfh ri d vshfl￿f srolf|pdnhu iroorzv d vlpsoh PD0surfhvv=
0| ’ ￿#| ￿#|3￿/ zkhuh # lv d phdq }hur/ l1l1g1 udqgrp yduldeoh/ zlwk glvwulexwlrq
8E￿￿ dqg ghqvlw| sE￿￿ +lq wklv irupxodwlrq d srvlwlyh uhdol}dwlrq ri # ohdgv wr kljk
rxwsxw,1 Frpshwhqfh lv dvvxphg wr eh udqgrp/ dv lw ghshqgv rq wkh vdolhqw srolf|
sureohpv/ exw sduwldoo| odvwlqj/ dv wkh vdolhqw srolf| sureohpv fkdqjh vorzo| dqg
dv frpshwhqfh pd| dovr ghshqg rq wdohqw1 Vhuldoo| fruuhodwhg frpshwhqfh lv wkh
edvlv ri uhwurvshfwlyh yrwlqj= dv frpshwhqfh odvwv ryhu wlph/ udwlrqdo yrwhuv duh
pruh olnho| wr uh0hohfw dq lqfxpehqw zkr eurxjkw derxw d kljk jurzwk udwh1 Lq
wkh yhu| ￿uvw shulrg ri wklv uhshdwhg jdph/ zh dvvxph #f ’f ￿
Wkh wlplqj lq d jlyhq shulrg | lv dv iroorzv1 Wkh suhylrxv shulrg*v srolf|
lqvwuxphqw dqg lq dwlrq Z|3￿ duh revhuyhg1 Zdjhv +dqg h{shfwhg lq dwlrq, duh
ghwhuplqhg1 Wkh srolf|pdnhu vhwv wkh srolf| lqvwuxphqw iru |￿ Frpshwhqfh lv
uhdol}hg dqg rxwsxw jurzwk %| lv revhuyhg e| hyhu|erg|1 Ilqdoo|/ li | lv dq hohfwlrq
|hdu￿zklfk kdsshqv hyhu| rwkhu |hdu￿hohfwlrqv duh khog1
Wzr uhpdunv vkrxog eh pdgh derxw wkhvh dvvxpswlrqv1 Iluvw/ xqolnh lq Vhfwlrq
5/ wkh srolf|pdnhu grhv qrw kdyh dq| lqirupdwlrq dgydqwdjh ryhu sulydwh djhqwv=
zkhq srolf| lv vhw/ wkh fxuuhqw frpshwhqfh vkrfn #| lv xqnqrzq wr hyhu|rqh/ lq0
foxglqj wkh lqfxpehqw1 Wkh yrwhuv gr qrw idfh dq dgyhuvh vhohfwlrq sureohp lq
55wkdw wkh srolf|pdnhu fdqqrw gholehudwho| ￿vljqdo￿ klv frpshwhqfh1 Wklv dvvxps0
wlrq glvwlqjxlvkhv wkh prgho lq Orkpdq +4<<9, iurp wkh hduolhu zrun e| Urjr￿ dqg
Vlehuw +4<;;,/ Urjr￿ +4<<3, dqg Shuvvrq dqg Wdehoolql +4<<3,1 Wkh yrwhuv vwloo
idfh d prudo kd}dug sureohp= wkurxjk klv prqhwdu| srolf| dfwlrq/ wkh lqfxpehqw
fdq dsshdu ehwwhu wkdq kh uhdoo| lv1 Wkh yrwhuv xqghuvwdqg wkhvh lqfhqwlyhv/ exw
fdq gr qrwklqj derxw wkhp/ dv srolf| lv xqrevhuydeoh1 D prgho ri wklv nlqg zdv
￿uvw vwxglhg e| Kropvwurp +4<;5, lq d vwdqgdug sulqflsdo0djhqw vhw0xs/ zkhuh
wkh djhqw kdv fduhhu frqfhuqv1 Vxevhfwlrq 61415 glvfxvvhv wkh dowhuqdwlyh/ dqg
pruh frpsolfdwhg/ vhwwlqj zkhq wkh srolf|pdnhu lv ehwwhu lqiruphg derxw klv rzq
frpshwhqfh wkdq wkh yrwhuv1
Vhfrqg/ dw wkh wlph ri wkh hohfwlrqv/ yrwhuv rqo| revhuyh rxwsxw jurzwk dqg
zdjhv +h{shfwhg lq dwlrq,/ exw qrw lq dwlrq ru srolf|1 Wklv dvvxpswlrq lv qrw dv
edg dv lw pd| ￿uvw dsshdu1 Lq dwlrq w|slfdoo| odjv hfrqrplf dfwlylw|1 Dqg hyhq
wkrxjk prqhwdu| srolf| lqvwuxphqwv duh lpphgldwho| dqg frvwohvvo| revhuyhg/
wklv lqirupdwlrq lv phdqlqjohvv xqohvv wkh yrwhuv dovr revhuyh rwkhu uhohydqw lq0
irupdwlrq wkdw wkh srolf|pdnhu kdv derxw wkh vwdwh ri wkh hfrqrp|1 Wr surshuo|
xqghuvwdqg dq h{sdqvlrq ri wkh prqh| vxsso| vl{ prqwkv ehiruh wkh hohfwlrqv/ yrw0
huv zrxog kdyh wr nqrz wkh srolf|pdnhu*v iruhfdvwv ri prqh| ghpdqg dqg rwkhu
uhohydqw pdfurhfrqrplf yduldeohv1 Dvvxplqj wkdw srolf| lwvhoi lv xqrevhuydeoh lv
mxvw d frqyhqlhqw vkruwfxw wr nhhs wkh yrwhuv vljqdo0h{wudfwlrq sureohp dv vlpsoh
dv srvvleoh14;
Ilqdoo|/ zh pdnh wzr rwkhu vlpsoli|lqj dvvxpswlrqv1 Rqfh yrwhg rxw ri r!fh/
dq lqfxpehqw fdq qhyhu eh uhdssrlqwhg1 Wkh rssrqhqw lq dq| hohfwlrq lv gudzq dw
udqgrp iurp wkh srsxodwlrq dqg klv suh0hohfwlrq frpshwhqfh lv qrw nqrzq1 Wkxv
wkh h{shfwhg frpshwhqfh ri dq| rssrqhqw lv }hur1
Wkh Htxloleulxp Iluvw/ frqvlghu zdjh0vhwwhuv1 Wkh| kdyh wkh vdph lqirupd0
wlrq dv wkh srolf|pdnhu dqg fdq wkxv frpsxwh htxloleulxp srolf| dqg shuihfwo|
suhglfw lq dwlrq1 Khqfh/ lq htxloleulxp Z ’ Ze lq hyhu| shulrg1 Qh{w/ frqvlghu yrw0
huv1 E| revhuylqj rxwsxw dqg nqrzlqj wkh suhylrxv shulrg vkrfn wr frpshwhqfh/
#|3￿/ wkh| fdq fruuhfwo| lqihu wkh fxuuhqw frpshwhqfh ri wkh lqfxpehqw e| xvlqj
4;Dv Orkpdq +4<<9, revhuyhv/ krzhyhu/ wklv dvvxpswlrq lv qrw hdvlo| pdgh frqvlvwhqw zlwk d
vxusulvh vxsso| irupxodwlrq +olnh lq Vhfwlrq 5, zkhuh hpsor|phqw +rxwsxw jurzwk, lv ghwhuplqhg
e| uhdol}hg uhdo zdjhv lq d rqh0vhfwru vhwwlqj1 Orkpdq lqvwhdg irupxodwhv khu prgho dv d Oxfdv
lvodqg prgho zkhuh ￿upv revhuyh wkh orfdo lq dwlrq exw qrw hfrqrp|0zlgh lq dwlrq +wkh srolf|
lqvwuxphqw,1
56htxdwlrq +516,= #| ’ %|￿ #|3￿ ’14< Wkh htxloleulxp yrwlqj uxoh lv wkhq lpphgldwh1
Yrwhuv dozd|v suhihu wkh srolf|pdnhu zlwk wkh kljkhvw h{shfwhg frpshwhqfh1 Dv
wkh rssrqhqw kdv }hur h{shfwhg frpshwhqfh/ wkh yrwhuv uh0hohfw wkh lqfxpehqw
zlwk suredelolw| rqh li dqg rqo| li %| :# | 3 ￿/d vl qw k l vf d v h# |:f+li %| ’ #|3￿/
zh fdq dvvxph wkdw wkh yrwhuv udqgrpl}h/ dv wkh| duh lqgl￿huhqw,￿ Wr dq rxwvlgh
hfrqrphwulfldq/ zkr revhuyhv %| exw qrw #|3￿/ wklv yrwlqj uxoh dsshduv frqvlvwhqw
zlwk uhwurvshfwlyh yrwlqj= wkh suredelolw| ri uh0hohfwlrq/ ￿h+#|3￿ ￿ %|￿’8 E % |￿ c
lqfuhdvhv zlwk rxwsxw jurzwk lq wkh hohfwlrq shulrg1
Qh{w/ frqvlghu wkh srolf|pdnhu*v rswlpl}dwlrq sureohp1 Lq r￿0hohfwlrq |hduv/
kh fdq gr qrwklqj wr hqkdqfh ixwxuh uh0hohfwlrq suredelolw|/ dv frpshwhqfh vkrfnv
odvw rqo| rqh shulrg dqg duh revhuyhg zlwk wkh vdph odj1 Khqfh/ wkh htxloleulxp
lq dwlrq udwh plqlpl}hv wkh vwdwlf orvv lq +5149, zlwk uhvshfw wr Z/ vxemhfw wr +516,
dqg wdnlqj Ze dv jlyhq1 Dv lq Vxevhfwlrq 517/ wklv |lhogv Z| ’ b￿ Rq0hohfwlrq
|hduv hqwdlo gl￿huhqw lqfhqwlyhv= e| udlvlqj rxwsxw jurzwk wkurxjk xqh{shfwhg
lq dwlrq/ wkh lqfxpehqw srolf|pdnhu zrxog lqfuhdvh klv hohfwlrq suredelolw|1 Lq
htxloleulxp/ zdjh vhwwhuv fruuhfwo| dqwlflsdwh wkhvh lqfhqwlyhv/ dqg udlvh h{shfwhg
lq dwlrq dffruglqjo|/ vr wkdw rxwsxw frqwlqxhv wr jurz dw lwv qdwxudo udwh1
Wr irupdoo| ghulyh wkhvh uhvxowv/ zh ￿uvw frpsxwh wkh htxloleulxp suredelolw|
ri uh0hohfwlrq iurp wkh srlqw ri ylhz ri wkh lqfxpehqw1 Uhfdoo wkdw kh lv uh0hohfwhg
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￿
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￿
cru￿e| +516, dqg rxu gh￿qlwlrq ri 0￿l￿= d#| :Z e
|￿Z |o￿Zkhq
vhwwlqj srolf|/ wkh lqfxpehqw kdv qrw |hw revhuyhg #| 1 Klv shufhlyhg suredelolw|
ri uh0hohfwlrq lv= ￿ ￿ ￿oJKE#| ￿ Ze
| ￿Z|￿ ￿ ￿￿8EZe
| ￿Z|￿/ zkhuh 8E￿￿ lv wkh
fxpxodwlyh glvwulexwlrq ri #￿ Wklv suredelolw| lv fohduo| dq lqfuhdvlqj ixqfwlrq ri
xqh{shfwhg lq dwlrq1
Qh{w/ zh qhhg vrph dgglwlrqdo qrwdwlrq1 Ohw T - dqg T ￿ eh wkh h{shfwhg
htxloleulxp frqwlqxdwlrq ydoxhv ri uhdssrlqwphqw dqg qr uhdssrlqwphqw/ dw wkh
srlqw zkhq srolf| lq dq rq0hohfwlrq |hdu lv fkrvhq1 Ixuwkhupruh/ ohw Z eh htxl0
















zkhuh ￿￿8Ef￿ lv wkh htxloleulxp suredelolw| ri uh0hohfwlrq shufhlyhg e| wkh lqfxp0
ehqw lq doo ixwxuh hohfwlrqv +kh uhfrjql}hv wkdw ixwxuh lq dwlrq vxusulvhv duh qrw
4<Yrwhuv nqrzq wkdw ￿ @ ￿h= Dovr/ uhfdoo wkdw lq shulrg 3 zh kdyh/ e| dvvxpswlrq/ ￿3 @3 =
Khqfh lq shulrg 4= {4 @ ￿4>dqg rxwsxw ixoo| uhyhdov wkh srolf|pdnhu*v frpshwhqfh1 Nqrzlqj
￿4/ lq shulrg 5/ yrwhuv fdq lqihu ￿5 iurp {5 @ ￿5 .￿4/ dqg vr rq1
57srvvleoh lq htxloleulxp,1 Lqwxlwlyho|/ wkh h{shfwhg ydoxh ri zlqqlqj wkh hohfwlrqv￿
wkh gl￿huhqfh T - ￿T ￿ ￿ghshqgv rq g/ wkh ehqh￿wv iurp kroglqj r!fh/ exw qrw
rq wkh htxloleulxp srolflhv/ b dqg Z/ vlqfh wkrvh duh wkh vdph luuhvshfwlyh ri zkr
zlqv1 Qrwh dovr wkdw wkhvh frqwlqxdwlrq ydoxhv gr qrw ghshqg rq wkh srolf|pdnhu*v
frpshwhqfh/ dv frpshwhqfh lv qrw nqrzq zkhq srolf| lv vhw1
Zh duh qrz uhdg| wr irupxodwh wkh sureohp ri dq lqfxpehqw gxulqj dq rq0
hohfwlrq |hdu1 Wkh lqfxpehqw wdnhv h{shfwhg lq dwlrq dv jlyhq dqg fkrrvhv fxuuhqw















Wkh ￿uvw wzr whupv lq +615, fdswxuh wkh h{shfwhg orvv lq wkh fxuuhqw shulrg1
Wkh odvw wzr whupv fdswxuh wkh h{shfwhg ydoxh ri ixwxuh orvvhv/ dv ghwhuplqhg e|
uhdssrlqwphqw ru qrw lq wkh xsfrplqj hohfwlrqv1 Wdnlqj wkh ￿uvw rughu frqglwlrq
iru d jlyhq Ze dqg wkhq lpsrvlqj wkh htxloleulxp frqglwlrq Z ’ Ze |lhogv wkh
htxloleulxp lq dwlrq udwh gxulqj rq0hohfwlrq |hduv=
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zkhuh wkh odvw htxdolw| iroorzv iurp +614,1 Wkh OKV ri +616, lv wkh pdujlqdo
frvw ri lq dwlrq1 Wkh UKV lv wkh pdujlqdo ehqh￿w= b lv wkh xvxdo ehqh￿w ri
kljkhu rxwsxw jurzwk/ suhvhqw dw doo wlphv> wkh vhfrqg whup lv wkh dgglwlrqdo rq0
hohfwlrq0|hdu ehqh￿w> kljkhu rxwsxw jurzwk lqfuhdvhv wkh fkdqfh ri uh0hohfwlrq1
Wklv dgglwlrqdo ehqh￿w ri vxusulvh lq dwlrq xqghuplqhv fuhglelolw| dqg pdnhv sro0
lf| pruh h{sdqvlrqdu| gxulqj rq0hohfwlrq |hduv1 Wkxv/ htxloleulxp lq dwlrq uljkw
diwhu wkh hohfwlrq lv kljkhu/ wkh pruh wkh srolf|pdnhu ehqh￿wv iurp kroglqj r!fh/
dv phdvxuhg e| gc dqg wkh pruh vxusulvh lq dwlrq udlvhv wkh suredelolw| ri uhds0
srlqwphqw/ dv phdvxuhg e| wkh ghqvlw| sEf￿￿ Ilqdoo|/ dv wkh lqfhqwlyhv wr lq dwh
ehiruh hohfwlrqv duh shuihfwo| xqghuvwrrg e| sulydwh djhqwv/ h{shfwhg lq dwlrq lv
dovr kljkhu/ dqg htxloleulxp rxwsxw jurzwk lv qrw d￿hfwhg1 Wkxv/ wkh htxloleulxp
lv frqvlvwhqw zlwk vw|ol}hg idfw +ly, lq wkh lqwurgxfwlrq1 Hohfwlrqv djjudydwh wkh
fuhglelolw| sureohp/ dv wkh lqfxpehqw fduhv hyhq pruh wkdq xvxdo derxw rxwsxw
jurzwk1
614151 Dgyhuvh Vhohfwlrq
Zkdw kdsshqv zkhq srolf| lv lqvwhdg fkrvhq diwhu wkh lqfxpehqw kdv revhuyhg
wkh uhdol}dwlrq ri fxuuhqw frpshwhqfh #|/ exw wkh vhtxhqfh ri hyhqwv lv rwkhuzlvh
58h{dfwo| dv ehiruhB Lq wklv vhwwlqj/ vwxglhg e| Urjr￿ dqg Vlehuw +4<;;,/ Urjr￿
+4<<3, dqg Shuvvrq dqg Wdehoolql +4<<3,/ wkh srolf|pdnhu hqmr|v dq lqirupdwlrq
dgydqwdjh ryhu zdjh vhwwhuv/ zkr gr qrw nqrz wkh uhdol}dwlrq ri #| zkhq iruplqj
h{shfwdwlrqv1 Rxwsxw  xfwxdwlrqv fdq vwloo uhyhdo wkh srolf|pdnhu*v w|sh/ exw lq d
ohvv vwudljkwiruzdug idvklrq= yrwhuv kdyh wr ghdo zlwk dq dgyhuvh vhohfwlrq sureohp/
zkhuh rxwsxw fdq eh xvhg dv d gholehudwh vljqdo ri wkh lqfxpehqw*v frpshwhqfh1
Wr frsh zlwk wklv pruh lqwulfdwh sureohp/ zh srvwxodwh wkdw lq hdfk shulrg
# fdq rqo| wdnh rqh ri wzr ydoxhv= #:fdqg # ￿ f zlwk suredelolwlhv ￿ dqg
E￿ ￿ ￿￿c uhvshfwlyho|1 Dv ehiruh/ # lv l1l1g1 dqg kdv dq h{shfwhg ydoxh .E#￿’
￿ #nE ￿￿￿￿ #’f 1 Zh uhihu wr dq lqfxpehqw zlwk d kljk +orz, uhdol}dwlrq ri
# dv frpshwhqw +lqfrpshwhqw,1 Wkh rssrqhqw*v frpshwhqfh lv vwloo xqnqrzq wr
hyhu|rqh1
Lq wkh prudo kd}dug prgho/ doo lqfxpehqw w|shv fkrvh wkh vdph dfwlrq/ eh0
fdxvh h{ dqwh wkh| zhuh doo lghqwlfdo1 Khuh/ d pruh frpshwhqw lqfxpehqw kdv
vwurqjhu lqfhqwlyhv wr vxusulvh zlwk kljkhu lq dwlrq1 Wkhuh duh wzr uhdvrqv iru
wklv1 Iluvw/ d pruh frpshwhqw lqfxpehqw fduhv pruh derxw zlqqlqj wkh hohfwlrqv/
vlqfh kh nqrzv wkdw kh fdq gr d ehwwhu mre wkdq klv rssrqhqw1 Vhfrqg/ d pruh
frpshwhqw lqfxpehqw dovr kdv d orzhu frvw ri vljqdoolqj klv frpshwhqfh wkurxjk
kljk rxwsxw jurzwk1 Khuh/ zh rqo| vnhwfk wkh dujxphqwv qhhghg wr fkdudfwhul}h
wkh htxloleulxp1 D ixoo ghulydwlrq lv surylghg e| Shuvvrq dqg Wdehoolql +4<<3/ Fk1
8,1 Dv d ￿uvw vwhs/ frpsxwh wkh h{shfwhg qhw ydoxh ri zlqqlqj wkh hohfwlrqv=
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Frpsdulqj +614, dqg +617,/ wkh qhw ydoxh ri zlqqlqj qrz ghshqgv rq wkh frpsh0
whqfh ri wkh lqfxpehqw= d frpshwhqw lqfxpehqw nqrzv kh lv pruh olnho| wr eulqj
derxw kljkhu ixwxuh rxwsxw jurzwk wkdq klv rssrqhqw/ dqg khqfh ydoxhv r!fh
pruh1 D lqfrpshwhqw lqfxpehqw uhdol}hv wkh frqyhuvh ￿ dqg lv ohvv hdjhu wr eh
uh0hohfwhg153 Wkh htxloleulxp lq dwlrq udwh wudghv r￿ wklv qhw ydoxh ri zlqqlqj
djdlqvw wkh vkruw uxq frvw ri vljqdoolqj1 Erwk w|shv zdqw wr dsshdu frpshwhqw
dqg duh suhsduhg wr duwl￿fldoo| errvw wkh hfrqrp| wkurxjk xqh{shfwhg lq dwlrq
53Zh dvvxph wkdw N lv vx!flhqwo| kljk wkdw hyhq dq lqfrpshwhqw lqfxpehqw ydoxhv ehlqj
uh0hohfwhg1 Qrwh dovr wkdw khuh wkh htxloleulxp suredelolw| ri zlqqlqj ixwxuh hohfwlrqv frlqflghv
zlwk S/ wkh suredelolw| ri d kljk uhdol}dwlrq ri ￿1 Wkdw lv/ lq htxloleulxp d frpshwhqw lqfxpehqw
lv dozd|v uhdssrlqwhg dqg dq lqfrpshwhqw rqh lv qrw1 Wklv lv d ihdwxuh ri doo vhsdudwlqj htxloleuld/
wkdw zloo eh glvfxvvhg ehorz> vrph htxloleuld pd| h{lvw wkdw duh qrw vhsdudwlqj/ exw zh qhjohfw
wkhp khuh1 Shuvvrq dqg Wdehoolql +4<<3, frqwdlq d pruh jhqhudo glvfxvvlrq ri wklv lvvxh1
59wr lqfuhdvh wkh fkdqfhv ri zlqqlqj1 Exw wkh frpshwhqw w|sh fdq vljqdo dw d orzhu
frvw= kh qhhgv wr lq dwh ohvv wr surgxfh dq| ohyho ri rxwsxw jurzwk1 Dv wkh ydoxh
ri zlqqlqj lv dovr kljkhu iru wkh frpshwhqw w|sh/ d ￿vhsdudwlqj htxloleulxp￿ jhqhu0
doo| hphujhv= udwlrqdo yrwhuv uh0hohfw wkh lqfxpehqw rqo| li rxwsxw jurzwk h{fhhgv
d plqlpxp wkuhvkrog1 Wkh wkuhvkrog lv vr kljk wkdw rqo| d frpshwhqw lqfxpehqw
￿qgv lw rswlpdo wr uhdfk lw wkurxjk xqh{shfwhg lq dwlrq1 Wkh lqfrpshwhqw w|sh
lqvwhdg suhihuv wr nhhs lq dwlrq orz/ nqrzlqj kh zloo qrw eh uh0hohfwhg1
Uhfdoo wkdw zdjh vhwwhuv kdyh wr irup lq dwlrq h{shfwdwlrqv zlwkrxw nqrzlqj
zklfk lqfxpehqw w|sh wkh| idfh1 h{ srvw/ wkh| zloo dozd|v eh zurqj/ hyhq wkrxjk
wkhlu h{ dqwh lq dwlrq iruhfdvw lv udwlrqdo1 Li wkh lqfxpehqw lv lqfrpshwhqw/ kh
fkrrvhv wkh vkruw uxq rswlpdo lq dwlrq udwh +Z ’ b lq wkh prgho,/ zklfk lv orzhu
wkdq h{shfwhg> khqfh/ wkh hfrqrp| jrhv wkurxjk d uhfhvvlrq1 Li wkh lqfxpehqw lv
frpshwhqw/ lq dwlrq lv kljkhu wkdq h{shfwhg dqg wkh hfrqrp| errpv1
Krz gr wkh frqfoxvlrqv ri wklv prgho frpsduh zlwk wkh vw|ol}hg idfwvB Fohduo|/
uhwurvshfwlyh yrwlqj dssolhv= yrwhuv uhzdug suh0hohfwrudo errpv zlwk uhdssrlqw0
phqw dqg sxqlvk suh0hohfwrudo uhfhvvlrqv1 Rxwsxw lv qrw v|vwhpdwlfdoo| kljkhu
ehiruh hohfwlrqv> rq dyhudjh/ lq dwlrq lv kljkhu mxvw diwhu wkh hohfwlrqv/ exw wklv
f|foh lv zhdnhu wkdq lq wkh prudo kd}dug prgho/ dv rqo| wkh frpshwhqw w|sh qrz
udlvhv htxloleulxp lq dwlrq1 Ryhudoo/ wkh suhglfwlrqv ri wklv prgho duh qrw lqfrq0
vlvwhqw zlwk wkh vw|ol}hg idfwv1
Zklfk prgho lv pruh vdwlvidfwru|B Wkh prudo kd}dug prgho kdv pruh fohdu
fxw suhglfwlrqv dqg pdnhv ohvv ghpdqglqj dvvxpswlrqv derxw wkh udwlrqdolw| ri
wkh yrwhuv1 Pruhryhu/ pxowlsolflw| ri htxloleuld lv dq dgglwlrqdo sureohp lq wkh
dgyhuvh vhohfwlrq prgho1 Zlwk hqrxjk gdwd/ rqh frxog glvfulplqdwh ehwzhhq wkh
wzr prghov= rxwsxw yrodwlolw| ehiruh wkh hohfwlrqv dqg lq dwlrq yrodwlolw| diwhu
wkh hohfwlrqv duh kljkhu rqo| lq wkh dgyhuvh vhohfwlrq prgho1 Qrwh wkdw wkhvh
wzr prghov dovr kdyh gl￿huhqw qrupdwlyh lpsolfdwlrqv1 Zlwk prudo kd}dug/ wkh
srolwlfdo f|foh lv hqwluho| zdvwhixo/ zkhuhdv lw frqyh|v ydoxdeoh lqirupdwlrq wr
yrwhuv lq wkh dgyhuvh vhohfwlrq prgho154
6151 Sduwlvdq Jryhuqphqwv
Wkh sulru vhfwlrq uholhg rq wzr fuxfldo dvvxpswlrqv1 Doo yrwhuv duh dolnh dqg
srolf|pdnhuv duh rssruwxqlvwlf= wkhlu pdlq sxusrvh lv uh0hohfwlrq wr hqmr| wkh
54Urjr￿ +4<<3, vkrzv lq d forvho| uhodwhg dgyhuvh vhohfwlrq prgho ri ￿vfdo srolf| wkdw vrflhw|
pd| dfwxdoo| eh zruvh r￿ li rqh wulhv wr fxuwdlo suh0hohfwlrq vljqdoolqj wkurxjk/ vd|/ d edodqfhg
exgjhw dphqgphqw +wkh orvv ri orvlqj wkh lqirupdwlrq pd| pruh wkdq rxwzhljk wkh jdlq ri
holplqdwlqj wkh glvwruwlrqv dvvrfldwhg zlwk vljqdoolqj,1
5:uhqwv iurp r!fh1 Hohfwlrqv vhuyh rqo| rqh sxusrvh= wr vhohfw wkh prvw frpshwhqw
srolf|pdnhu1 Exw yrwhuv duh qrw dolnh/ dqg srolf|pdnhuv duh dovr prwlydwhg e|
wkhlu rzq ￿lghrorjlfdo￿ ylhz ri zkdw rxjkw wr eh grqh dqg zklfk jurxs ri yrwhuv
wr uhsuhvhqw1 Wkhuhiruh/ hohfwlrqv vhuyh dqrwkhu jrdo= wkh| uhvroyh frq lfwv dqg
djjuhjdwh suhihuhqfhv1 Wkh srolf| rxwfrph wkhq klqjhv rq wkh sduwlvdq lqwhuhvwv ri
wkh hohfwhg jryhuqphqw1 Lq prqhwdu| srolf|/ dqg pruh jhqhudoo| djjuhjdwh ghpdqg
srolflhv/ rqh fuxfldo frqfhuq lv wkh uhodwlyh zhljkw dvvljqhg wr vwdelol}lqj rxwsxw1
Iru ohiw0zlqj jryhuqphqwv rxwsxw dqg hpsor|phqw pd| zhljk pruh khdylo| wkdq
sulfhv> li vr/ wkh| zloo dovr sxuvxh pruh h{sdqvlrqdu| djjuhjdwh ghpdqg srolflhv
wkdq uljkw0zlqj jryhuqphqwv1 Hohfwlrqv wkxv fuhdwh xqfhuwdlqw| derxw hfrqrplf
srolf|1 Wklv xqfhuwdlqw| lv juhdwhu lq d wzr0sduw| v|vwhp zlwk yhu| srodul}hg
sduwlhv1 Lw pd| fuhdwh d srvw0hohfwrudo f|foh lq wkh srolf| lqvwuxphqwv/ dqg d
uhvxowlqj pdfurhfrqrplf f|foh1 Zh qrz h{whqg rxu vlpsoh prqhwdu| srolf| prgho
wr looxvwudwh wkhvh lghdv/ vkrzlqj krz rqh fdq dffrxqw iru vw|ol}hg idfw +y, lq wkh
lqwurgxfwlrq1 Wkh lghdv ruljlqdwh zlwk wkh zrun ri Dohvlqd +4<;:,/ +4<;;,1
Wkh Prgho Frqvlghu wkh vdph prgho dv lq wkh suhylrxv vhfwlrq/ exw vxssrvh
wkdw lqglylgxdo yrwhuv gl￿hu lq wkhlu uhodwlyh hydoxdwlrq ri rxwsxw dqg lq dwlrq1
Wkh suhihuhqfhv ri yrwhu l duh vwloo ghvfulehg e| dq lqwhuwhpsrudo orvv ixqfwlrq olnh






Wzr srolwlfdo fdqglgdwhv ru sduwlhv/ fdoohg ( dqg -/ kdyh wkh vdph jhqhudo orvv
ixqfwlrq dv wkh yrwhuv/ zlwk uhodwlyh zhljkwv b
( :b
-1W k h(fdqglgdwh wkxv fduhv
pruh derxw rxwsxw jurzwk dqg ohvv derxw lq dwlrq wkdq wkh - fdqglgdwh1 Wkh
fdqglgdwhv* suhihuhqfhv duh nqrzq e| hyhu|erg|/ exw wkh rxwfrph ri wkh hohfwlrq
lv xqfhuwdlq1 Iru vlpsolflw|/ wkhuh duh qr frpshwhqfh ru vxsso| vkrfnv= rxwsxw
jurzwk lv ghvfulehg e| htxdwlrq +516,/ zlwkrxw dq| 0 vr wkdw % ’ w n Z ￿ Ze￿
Wkh wlplqj ri hyhqwv lv dv iroorzv= Zdjhv duh vhw dw wkh ehjlqqlqj ri hdfk shulrg1
Hohfwlrqv duh khog hyhu| rwkhu shulrg/ mxvw diwhu zdjhv duh vhw iru wkdw shulrg1
Wkxv/ zdjh frqwudfwv odvw wkurxjk kdoi wkh ohjlvodwxuh dqg fdqqrw eh frqglwlrqhg
rq wkh hohfwlrq rxwfrph1 Ilqdoo|/ wr fdswxuh wkh hohfwrudo xqfhuwdlqw| derxw srolf|/
zh dvvxph wkdw fdqglgdwhv fdq rqo| vhw srolf| rqfh lq r!fh1 Lq rwkhu zrugv/
hohfwrudo surplvhv duh qrw elqglqj dqg wkh srolf| pxvw eh h{ srvw rswlpdo/ jlyhq
wkh srolf|pdnhu*v suhihuhqfhv1
5;Hfrqrplf Htxloleulxp Xqghu wkhvh dvvxpswlrqv/ yrwhuv duh shuihfwo| lqiruphg
dqg wkh vwdwh ri wkh hfrqrp| grhv qrw uhyhdo dq|wklqj wr wkhp1 Khqfh/ srolf|0
pdnhu U fkrrvhv wkh vdph lq dwlrq udwh lq r!fh zkhwkhu lw lv dq rq0 ru r￿0hohfwlrq
shulrg1 Jlyhq wkh dvvxphg wlplqj/ lw lv hdv| wr yhuli| wkdw ZU ’ b
U/ U ’ (c-￿
Lq r￿0hohfwlrq shulrgv/ wklv lq dwlrq udwh lv shuihfwo| dqwlflsdwhg e| zdjh vhwwhuv/
dqg rxwsxw jurzv dw wkh qdwxudo udwh= % ’ f1 Exw mxvw ehiruh wkh hohfwlrqv/
zdjh vhwwhuv gr qrw nqrz zklfk srolf|pdnhu w|sh zloo zlq1 Vxssrvh wkh| dvvljq
suredelolwlhv ￿ dqg E￿ ￿ ￿￿ wr wkh hyhqw wkdw ( dqg - zlqv1 Gxulqj rq0hohfwlrq
shulrgv/ h{shfwhg lq dwlrq lv wkxv= Ze ’ b
- n ￿Eb
( ￿ b
-￿1L i s d u w | - zlqv/ lw
vhwv Z ’ b
- ￿Z edqg fdxvhv d uhfhvvlrq lq wkh ￿uvw shulrg ri r!fh= rxwsxw lv
% ’ ￿￿Eb
( ￿ b
-￿1L i ( zlqv/ wkh rssrvlwh kdsshqv= dfwxdo lq dwlrq lv kljkhu
wkdq h{shfwhg dqg d errp rffxuv= % ’E ￿￿￿￿Eb
( ￿ b
-￿1 Wkxv/ xqfhuwdlq hohf0
wlrq rxwfrphv pd| fdxvh hfrqrplf  xfwxdwlrqv1 Exw wklv srolwlfdo rxwsxw f|foh
rffxuv diwhu wkh hohfwlrq dqg lv gxh wr gl￿huhqw jryhuqphqwv kdylqj gl￿huhqw lgh0
rorjlhv/ lq frqwudvw wr wkh suhylrxv prgho zkhuh wkh srolwlfdo rxwsxw f|foh lv gxh
wr vljqdoolqj dqg rffxuv ehiruh hohfwlrqv1
Lqwhusuhwlqj wkhvh lghrorjlfdo gl￿huhqfhv dorqj d ohiw0uljkw srolwlfdo glphqvlrq/
zh jhw d srvvleoh h{sodqdwlrq iru vw|ol}hg idfw +y,1 Wkh prgho suhglfwv wkdw ohiw0
zlqj jryhuqphqwv vwlpxodwh djjuhjdwh ghpdqg dqg fdxvh kljkhu lq dwlrq wkurxjk0
rxw wkhlu whqxuh/ zkloh wkh rssrvlwh kdsshqv xqghu uljkw0zlqj jryhuqphqwv1 Dq
hohfwlrq ylfwru| ri wkh ohiw eulqjv derxw d whpsrudu| errp mxvw diwhu wkh hohfwlrqv>
ylfwru| ri wkh uljkw lv lqvwhdg iroorzhg e| d uhfhvvlrq1 Wkhvh sduwlvdq h￿hfwv duh
pruh surqrxqfhg xqghu d pruh srodul}hg srolwlfdo v|vwhp +l1h1 zlwk odujh gl￿hu0
hqfhv ehwzhhq b
(dqg b
- lq wkh prgho,/ ru pruh jhqhudoo| li wkh hohfwlrqv lghqwli|
d fohdu zlqqhu/ olnh lq wzr0sduw| v|vwhpv1 Dohvlqd dqg Urxelql +4<<:, dujxh wkdw
wkhvh suhglfwlrqv duh frqvlvwhqw zlwk wkh hylghqfh iru lqgxvwuldo frxqwulhv1
Srolwlfdo Htxloleulxp Wkh sduwlvdq prgho irfxvhv rq wkh uroh ri sduw| suhi0
huhqfhv lq hohfwlrqv1 Yrwhuv dqwlflsdwh zkdw hdfk sduw| zrxog gr li hohfwhg/ dqg
fkrrvh wkh sduw| forvhvw wr wkhlu lghdo srlqw1 Wkxv/ wkh suredelolw| wkdw rqh sduw|
ru wkh rwkhu zlqv lv hqwluho| ghwhuplqhg e|  xfwxdwlrqv lq wkh glvwulexwlrq ri
yrwhuv* suhihuhqfhv iru wkh wzr sduwlhv1 Pruhryhu/ dv hohfwrudo surplvhv duh qrw
elqglqj dqg yrwhuv duh udwlrqdo dqg iruzdug0orrnlqj/ wkh srolf| sodwirupv ri wkh
wzr fdqglgdwhv gr qrw frqyhujh wrzdugv wkh phgldq yrwhu1
Lq wkh prgho/ yrwhuv idfh d wudgh0r￿1 Li - zlqv/ lq dwlrq lv orzhu exw rxwsxw
lv whpsrudulo| orzhu/ zkloh wkh rssrvlwh kdsshqv li ( zlqv1 Krz yrwhuv hydoxdwh
wklv wudgh0r￿ ghshqgv rq wkhlu uhodwlyh zhljkw sdudphwhu b
￿1 Frpsxwlqj wkh orvvhv
5<wr d jhqhulf yrwhu diwhu dq - dqg ( ylfwru|/ uhvshfwlyho|/ dqg wdnlqj gl￿huhqfhv/
lw lv hdv| wr yhuli| wkdw yrwhu ￿ vwulfwo| suhihuv - wr zlq li=
b
￿ ￿ E￿ n B￿Eb
- n b
(￿*2￿ +619,
Wkh suredelolw| E￿ ￿ ￿￿ wkdw - zlqv lv wkh suredelolw| wkdw wkh uhodwlyh zhljkw
ri wkh phgldq yrwhu b
6 vdwlv￿hv lqhtxdolw| +619,1 Hohfwrudo xqfhuwdlqw| wkxv xo0
wlpdwho| uholhv rq wkh lghqwlw| ri wkh phgldq yrwhu ehlqj xqnqrzq/ ehfdxvh ri
udqgrp vkrfnv wr wkh yrwhuv suhihuhqfhv ru wr wkh sduwlflsdwlrq udwh1
Fhwhulv sdulexv/ uljkw0zlqj jryhuqphqwv hqmr| dq hohfwrudo dgydqwdjh= ehfdxvh
doo srolf|pdnhuv vx￿hu iurp dq lq dwlrq eldv/ d kljk ydoxh ri b lv d srolwlfdo
kdqglfds1 55 Lqhtxdolw| +619, lpsolhv wkdw d yrwhu zkrvh lghrorjlfdo ylhz lv uljkw
lq ehwzhhq u dqg ( +wkdw lv/ vxfk wkdw b
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(￿*2￿ yrwhv iru wkh uljkw0zlqj
fdqglgdwh1 Wklv vxjjhvwv wkdw dq lqfxpehqw fdq dfw vwudwhjlfdoo| wr lqfuhdvh lwv
fkdqfhv ri uh0hohfwlrq1 Vshfl￿fdoo|/ d uljkw0zlqj jryhuqphqw fdq pdnh lwv ohiw0zlqj
rssrqhqw ohvv dsshdolqj wr wkh yrwhuv e| lqfuhdvlqj wkh htxloleulxp lq dwlrq eldv1
Wklv frxog eh grqh e| uhgxflqj zdjh lqgh{dwlrq/ e| lvvxlqj qrplqdo ghew +wr udlvh
wkh ehqh￿wv ri vxusulvh lq dwlrq,/ ru e| fuhdwlqj pruh prqhwdu| srolf| glvfuhwlrq/
yld d ohvv glvflsolqlqj h{fkdqjh udwh uhjlph ru zhdnhu ohjlvodwlrq uhjduglqj fhqwudo
edqn lqghshqghqfh/ ru hyhq e| fxuuhqw prqhwdu| srolf| li xqhpsor|phqw lv vhuldoo|
fruuhodwhg1 Wkhvh lghdv kdyh wkhlu urrwv lq wkh olwhudwxuh rq vwudwhjlf sxeolf ghew
srolf|/ ixuwkhu glvfxvvhg lq Vhfwlrq 914 ehorz1
Rq wkh qrupdwlyh vlgh/ hohfwrudo xqfhuwdlqw| dqg srolf| yrodwlolw| duh lqhi0
￿flhqw/ dqg yrwhuv zrxog eh ehwwhu r￿ h{0dqwh e| hohfwlqj d plggoh0ri0wkh0urdg
jryhuqphqw wkdw hqdfwhg dq lqwhuphgldwh srolf|1 Exw lq wkh dvvxphg wzr0sduw|
v|vwhp/ wkhuh lv qr zd| ri holplqdwlqj wklv xqqhfhvvdu| yrodwlolw|1 Wkh vwdun uhvxow
wkdw wkhuh lv qr frqyhujhqfh wr wkh phgldq srvlwlrq/ lv zhdnhqhg xqghu wzr flu0
fxpvwdqfhv1 Rqh/ vwxglhg e| Dohvlqd dqg Fxnlhupdq +4<;;,/ lv xqfhuwdlqw| derxw
wkh srolf|pdnhu w|sh1 Wkhq hdfk fdqglgdwh kdv dq lqfhqwlyh wr dsshdu pruh
prghudwh/ vr dv wr udlvh wkh suredelolw| ri zlqqlqj wkh qh{w hohfwlrq1 Wkh vhfrqg/
vwxglhg e| Dohvlqd +4<;:,/ lv uhshdwhg lqwhudfwlrqv1 Wkhq wkh wzr fdqglgdwhv fdq
vxvwdlq vhoi0hqiruflqj frrshudwlyh djuhhphqwv= d ghyldwlrq iurp d prghudwh srolf|
zrxog eh sxqlvkhg e| wkh rssrqhqw zkr dovr uhyhuwv wr pruh h{wuhph ehkdylru
rqfh lq r!fh1 Dowhuqdwlyho|/ frrshudwlrq frxog eh hqirufhg e| wkh yrwhuv sxq0
lvklqj d jryhuqphqw wkdw hqdfwhg h{wuhph srolflhv1 Qdwxudoo|/ wkhuh lv wkh vdph
sureohp ri pxowlsoh htxloleuld dv lq wkh uhsxwdwlrqdo htxloleuld ri Vhfwlrq 5171
55Wklv revhuydwlrq lv uhodwhg wr wkh dujxphqw/ derxw wkh ehqh￿wv ri dssrlqwlqj d frqvhuydwlyh
fhqwudo edqnhuglvfxvvhg lq Vhfwlrq 716 ehorz1
63Lqvwlwxwlrqdo fkhfnv dqg edodqfhv fdq dovr prghudwh srolf| h{wuhplvp1 Lq d
suhvlghqwldo v|vwhp/ iru lqvwdqfh/ dfwxdo srolflhv riwhq uhvxow iurp d frpsurplvh
ehwzhhq wkh ohjlvodwxuh dqg wkh h{hfxwlyh1 Wkh prgho ri sduwlvdq srolf|pdnhuv
vxjjhvwv wkdw wkh yrwhuv zrxog wdnh dgydqwdjh ri wkhvh lqvwlwxwlrqdo fkhfnv dqg
edodqfhv wr prghudwh wkh ehkdylru ri wkh pdmrulwlhv1 Dohvlqd dqg Urvhqwkdo +4<<8,
dujxh wkdw wkh yrwhuv* dwwhpsw wr prghudwh srolf| h{wuhplvp fdq h{sodlq vsolw
wlfnhw yrwlqj lq Suhvlghqwldo v|vwhpv +l1h1/ wkh vdph lqglylgxdov yrwlqj iru gl￿huhqw
sduwlhv lq Suhvlghqwldo dqg Frqjuhvvlrqdo hohfwlrqv, dqg wkh plg0whup hohfwlrq
f|foh +wkh sduw| zkr zrq wkh odvw jhqhudo hohfwlrqv orvhv wkh lqwhulp hohfwlrq,1
6161 Qrwhv rq wkh Olwhudwxuh
Dohvlqd dqg Urxelql +4<<:, suhvhqw h{lvwlqj dqg qhz hylghqfh rq hohfwrudo f|fohv
lq RHFG frxqwulhv1 Wkh| dovr vxuyh| wkh wkhruhwlfdo zrun rq srolwlfdo f|fohv
lq djjuhjdwh ghpdqg srolf|1 Dohvlqd dqg Urvhqwkdo +4<<8, irfxv rq wkh Xqlwhg
Vwdwhv lq sduwlfxodu1 Wkh hylghqfh iru d sduwlvdq f|foh lv vfuxwlql}hg e| Idxvw dqg
Lurqv +4<<9, +iru XV, dqg e| Plvkud +4<<:, +iru d sdqho ri RHFG frxqwulhv,1 Idlu
+4<:;,/ Ilrulqd +4<;4, dqg Ohzlv0Ehfn +4<;;, glvfxvv wkh hylghqfh rq uhwurvshfwlyh
yrwlqj lq wkh XV dqg hovhzkhuh1
Wkh ￿uvw prghov ri srolwlfdo exvlqhvv f|fohv zlwk rssruwxqlvwlf jryhuqphqw duh
gxh wr Qrugkdxv +4<:8, dqg Olqgehfn +4<:9,1 Wkh ￿uvw wkhru| ri d sduwlvdq srolw0
lfdo f|foh lv gxh wr Kleev +4<::,1 Doo wkhvh sdshuv uholhg rq wkh dvvxpswlrq wkdw
sulydwh djhqwv duh edfnzdug0orrnlqj/ erwk lq wkhlu hfrqrplf dqg yrwlqj ghflvlrqv1
Wkh prgho ri dq rssruwxqlvwlf jryhuqphqw dqg dgyhuvh vhohfwlrq zlwk udwlrqdo
yrwhuv/ vxppdul}hg lq vhfwlrq 61415/ zdv ghyhorshg e| Urjr￿ dqg Vlehuw +4<;;, lq
wkh fdvh ri ￿vfdo srolf|/ dqg dgdswhg wr prqhwdu| srolf| e| Shuvvrq dqg Wdehoolql
+4<<3,1 Urjr￿ +4<<3, jhqhudol}hg wkh ￿vfdo srolf| uhvxowv wr wzr glphqvlrqdo
vljqdoolqj e| wkh lqfxpehqw1 Lwr +4<<3, dqg Whuurqhv +4<;<, frqvlghuhg srolwlfdo
v|vwhpv lq zklfk wkh hohfwlrq gdwh lv hqgrjhqrxv dqg fkrvhq e| wkh lqfxpehqw
klpvhoi/ diwhu kdylqj revhuyhg klv rzq frpshwhqfh1
Wkh prudo kd}dug prgho vwxglhg lq vxevhfwlrq 61414 lv yhu| vlplodu wr d sulqflsdo0
djhqw sureohp zlwk fduhhu frqfhuqv ghyhorshg e| Kropvwurp +4<;5,1 Lw zdv vwxg0
lhg lq wkh frqwh{w ri prqhwdu| srolf| e| Orkpdq +4<<9, dqg/ lq d vrphzkdw
gl￿huhqw vhw xs/ e| Plohvl0Ihuuhwwl +4<<8e,1 Ihuhmrkq +4<;9, dqg Eduur +4<:6,
vwxg| d pruh devwudfw prudo kd}dug sureohp zkhuh dq lqfxpehqw lv glvflsolqhg
e| wkh yrwhuv wkurxjk wkh lpsolflw uhzdug ri uhdssrlqwphqw1
Wkh prgho ri sduwlvdq srolwlfv zlwk udwlrqdo yrwhuv lv gxh wr Dohvlqd +4<;:,/
64+4<;;,1 Wklv prgho lv h{whqghg e| Dohvlqd/ Orqguhjdq dqg Urvhqwkdo +4<<6, dqg
e| Dohvlqd dqg Urvhqwkdo +4<<8, wr doorz iru lghrorjlfdo sduwlhv zkr dovr gl￿hu
lq wkhlu frpshwhqfh1 Plohvl0Ihuuhwwl +4<<7, glvfxvvhv krz d uljkw0zlqj lqfxpehqw
pljkw lqfuhdvh klv srsxodulw| e| uhgxflqj wkh h{whqw ri zdjh lqgh{dwlrq> vlplodu
srlqwv zlwk uhjdug wr qrplqdo ghew dqg wkh fkrlfh ri dq h{fkdqjh udwh uhjlph zhuh
lqyhvwljdwhg e| Plohvl0Ihuuhwwl +4<<8d/e,1 Mrqvvrq +4<<8d, glvfxvvhv vwudwhjlf pd0
qlsxodwlrq ri prqhwdu| srolf| iru srolwlfdo sxusrvhv zkhq wkhuh lv dxwruhjuhvvlrq
lq hpsor|phqw1 Xqfhuwdlqw| derxw wkh srolf|pdnhu*v lghrorjlfdo w|sh lv frqvlg0
huhg lq Dohvlqd dqg Fxnlhupdq +4<;;,1 Wkh uroh ri prghudwlqj hohfwlrqv/ lq wkhru|
dqg lq wkh XV gdwd/ lv vwxglhg e| Dohvlqd dqg Urvhqwkdo +4<<8,1
71 Lqvwlwxwlrqv dqg lqfhqwlyhv
Wkhruhwlfdo zrun rq lqvwlwxwlrqv dqg lqfhqwlyhv lq prqhwdu| srolf| kdv ghyhorshg
ryhu wkh odvw whq |hduv1 Ehorz/ zh jlyh d vhohfwlyh dffrxqw ri nh| lghdv lq wkdw
ghyhorsphqw1 Zh gr qrw iroorz wkh dfwxdo frxuvh ri wkh olwhudwxuh ryhu wlph/ exw
zh h{sorlw zkdw/ lq uhwurvshfw/ dsshdu wr eh wkh orjlfdo olqnv ehwzhhq gl￿huhqw
lghdv1 Wkh pdlq lvvxh lv krz wkh ghvljq ri prqhwdu| lqvwlwxwlrqv fdq uhphg| wkh
lqfhqwlyh sureohpv glvfxvvhg lq Vhfwlrqv 5 dqg 61 Hyhq wkrxjk zh irfxv rq odfn
ri fuhglelolw|/ vrph uhvxowv h{whqg wr wkh srolwlfdo glvwruwlrqv ri Vhfwlrq 61
Wkh lghdv lq wklv vhfwlrq uho| rq d frpprq suhplvh= lqvwlwxwlrqv ￿pdwwhu￿1
D frqvwlwxwlrqdo ru lqvwlwxwlrq0ghvljq vwdjh od|v grzq vrph ixqgdphqwdo dvshfwv
ri wkh uxohv ri wkh jdph/ zklfk fdqqrw eh hdvlo| fkdqjhg1 Rqfh dq lqghshqghqw
fhqwudo edqn kdv ehhq vhw xs/ dq lqwhuqdwlrqdo djuhhphqw ryhu wkh h{fkdqjh udwh
kdv ehhq vljqhg/ ru dq lq dwlrq wdujhw kdv ehhq h{solflwo| dvvljqhg wr wkh fhqwudo
edqn/ lw kdv vrph vxfk vwd|lqj srzhu/ lq wkh vhqvh wkdw fkdqjlqj wkh lqvwlwxwlrq
h{ srvw lv frvwo| ru wdnhv wlph1 Wklv suhplvh lv txhvwlrqhg e| vrph fulwlfv +lq
sduwlfxodu e| PfFdooxp +4<<9, dqg Srvhq +4<<6,,/ zkr dujxh wkdw vrph ri wkh
sursrvhg lqvwlwxwlrqdo uhphglhv glvfxvvhg lq wklv vhfwlrq ￿gr qrw ￿{ wkh g|qdplf
lqfrqvlvwhqf|￿ wkdw lv dw wkh fruh ri wklv olwhudwxuh/ wkh| ￿phuho| uhorfdwh lw￿1
Wkh fulwlflvp lv fruuhfw/ lq wkdw wkh lqvwlwxwlrqv duh dvvxphg wr hqirufh d srolf|
zklfk lv h{ srvw vxerswlpdo iurp vrflhw|*v +ru wkh lqfxpehqw jryhuqphqw, srlqw
ri ylhz1 Khqfh/ wkhuh lv dozd|v d whpswdwlrq wr uhqhjh rq wkh lqvwlwxwlrq1 Exw
wkh vwd|lqj srzhu ri lqvwlwxwlrqv qhhg qrw eh yhu| orqj wr eh h￿hfwlyh1 Lq wkh
prgho wkdw grplqdwhv wkh olwhudwxuh/ zkdw lv qhhghg lv d kljk frvw iru fkdqjlqj
wkh lqvwlwxwlrq zlwklq wkh wlph krul}rq ri h{lvwlqj qrplqdo frqwudfwv1 Eh|rqg
wkh frqwudfwlqj krul}rq/ h{shfwdwlrqv zrxog uh hfw dq| frqvwlwxwlrqdo fkdqjh/
65zklfk uhpryhv wkh glvwlqfwlrq ehwzhhq h{ srvw dqg h{ dqwh rswlpdolw|1 Dv douhdg|
uhpdunhg lq vxe0vhfwlrq 517/ wkh frvw ri vxgghqo| fkdqjlqj wkh lqvwlwxwlrq frxog
dovr eh d orvv ri uhsxwdwlrq1 E| irfxvlqj srolwlfdo dwwhqwlrq rq vshfl￿f lvvxhv
dqg frpplwphqwv/ lqvwlwxwlrqv dohuw sulydwh lqglylgxdov li jryhuqphqwv h{solflwo|
uhqhjh rq wkhlu surplvhv1 Wr slfn xs wkh wkuhdg iurp vhfwlrq 5/ rqh sxusrvh ri
vxffhvvixo prqhwdu| lqvwlwxwlrqv lv wr pdnh prqhwdu| srolf| d elw pruh olnh sdwhqw
ohjlvodwlrq1 Lq rxu ylhz/ uhdo zruog prqhwdu| lqvwlwxwlrqv gr kdyh vxfk vwd|lqj
srzhu1 Wkh| fdq eh fkdqjhg/ exw wkh surfhgxuh iru fkdqjlqj wkhp riwhq hqwdlov
ghod|v dqg qhjrwldwlrqv ehwzhhq gl￿huhqw sduwlhv ru jurxsv wkdw zhuh sxusrvhixoo|
fuhdwhg zkhq wkh lqvwlwxwlrq zdv ghvljqhg1 Zh wkxv wklqn wkdw wkh suhplvh ri wkh
olwhudwxuh lv jhqhudoo| dssursuldwh1 Exw lw zrxog eh pruh frqylqflqj wr ghulyh
wkh lqvwlwxwlrqdo lqhuwld dv wkh uhvxow ri d zhoo0vshfl￿hg qrq0frrshudwlyh vwudwhjlf
lqwhudfwlrq ehwzhhq gl￿huhqw dfwruv/ vrphwklqj wkh olwhudwxuh￿vr idu￿kdv idlohg
wr gr156
7141 Il{hg h{fkdqjh udwhv= vlpsoh uxohv dqg hvfdsh fodxvhv
Shjjlqj wkh ydoxh ri wkh h{fkdqjh udwh wr jrog ru wr vrph uhvhuyh fxuuhqf| kdv
ehhq d frpprq ghylfh/ sduwlfxoduo| lq vpdoohu frxqwulhv/ wr dqfkru lq dwlrqdu|
h{shfwdwlrqv/ glvflsolqh grphvwlf sulfh dqg zdjh vhwwlqj/ ru suhyhqw srolwlfdo lqwhu0
ihuhqfh lq prqhwdu| srolf|1 Vxfk dwwhpswv kdyh phw zlwk pl{hg vxffhvv1 Dprqj
wkh lqgxvwuldol}hg frxqwulhv gxulqj wkh srvw0 zdu shulrg/ wkh Euhwwrq Zrrgv v|v0
whp dqg +sduw ri, wkh HUP h{shulphqw zhuh uhdvrqdeo| vxffhvvixo1 Exw xqlodwhudo
dwwhpswv ri vrph Hxurshdq frxqwulhv wr shj wkhlu h{fkdqjh udwhv lq wkh vhyhqwlhv
dqg hljkwlhv riwhq hqghg xs lq idloxuh= zlwk odfn ri fuhglelolw| jhqhudwlqj d vsl0
udo ri uhshdwhg ghydoxdwlrqv/ grphvwlf zdjhv dqg sulfhv uxqqlqj dkhdg ri iruhljq
lq dwlrq1 Zkdw fdq h{sodlq vxfk gl￿huhqfhvB
Wr vkhg oljkw rq wklv txhvwlrq/ ohw xv vwxg| d voljkw prgl￿fdwlrq ri wkh vwdwlf
prgho lq Vhfwlrq 51 D vpdoo rshq hfrqrp| lv vshfldol}hg lq wkh surgxfwlrq ri d
vlqjoh jrrg zklfk lv dovr surgxfhg e| wkh uhvw ri wkh zruog1 Wkh fhqwudo edqn
frqwurov Z wkurxjk wkh h{fkdqjh udwh/ jlyhq d iruhljq lq dwlrq udwh ghqrwhg ZW1
Wkh uhvw ri wkh prgho/ lqfoxglqj wkh h{shfwdwlrqv0dxjphqwhg Skloolsv fxuyh +516,/
wkh udwlrqdo0h{shfwdwlrqv dvvxpswlrq/ wkh remhfwlyh ixqfwlrq ri wkh srolf| pdnhu
+519,/ dqg wkh wlplqj ri hyhqwv duh dv lq vhfwlrq 515 ru 516> h{fhsw wkdw zh dvvxph
56Mhqvhq +4<<9, lq idfw vwxglhv d vlpsoh prgho￿uhodwhg wr wkh frqwudfwlqj vroxwlrq wr eh
vwxglhg lq Vhfwlrq 716￿zkhuh wkh jryhuqphqw fdq uhqhjhrq wkh lqlwldo lqvwlwxwlrq dw d frqwlqxrxv
+qrq0oxps vxp, frvw1 Lq wklv vhwwlqj lqvwlwxwlrq ghvljq jhqhudoo| lpsuryhv fuhglelolw|/ exw fdqqrw
uhpryh wkh fuhglelolw| sureohp frpsohwho|1
66qrw rqo| wc exw dovr ZW wr eh nqrzq zkhq zdjhv duh vhw +Ze duh iruphg,1 Qrwh
wkdw ZW ghqrwhv erwk iruhljq dqg wdujhw lq dwlrq/ dv shjjlqj wkh h{fkdqjh udwh wr
d orz0lq dwlrq fxuuhqf| fdq eh vhhq dv dq h{solflw ru lpsolflw dwwhpsw wr wdujhw d
orz lq dwlrq udwh1
Xqghu glvfuhwlrq/ wkh prgho lv irupdoo| lghqwlfdo wr wkdw lq Vhfwlrq 516 dqg
wkxv jhqhudwhv wkh lq dwlrq dqg hpsor|phqw rxwfrphv lq +5145, dqg +5147,1 Dv
.EZ￿ :Z Wcwkh prgho lv frqvlvwhqw zlwk wkh lghd ri d ghydoxdwlrq vsludo/ ixhoohg
e| orz fuhglelolw| dprqj zdjh vhwwhuv dqg d ghydoxlqj h{fkdqjh udwh1
Frqvlghu qrz wkh iroorzlqj lqvwlwxwlrq1 Dw vwdjh +3,/ vrflhw| frpplwv wr d
vlpsoh uxoh ri kroglqj wkh h{fkdqjh udwh ￿{hg/ ru ri ohwwlqj lw ghsuhfldwh dw d ￿{hg
udwh &1 Wkhuh lv frpplwphqw/ lq wkh vhqvh wkdw wkh udwh ri ghsuhfldwlrq & lv fkrvhq
dw wkh vwduw ri hdfk shulrg/ dqg fdqqrw eh dedqgrqhg xqwlo rqh shulrg odwhu1 Wkh
uxoh lv vlpsoh/ ehfdxvh lw fdqqrw lqfrusrudwh dq| frqwlqjhqflhv1 Lq sudfwlfh/ vlpsoh
frpplwphqwv ri wklv nlqg fdq eh hqirufhg e| pxowlodwhudo djuhhphqwv vxfk dv wkh
Euhwwrq Zrrgv v|vwhp ru wkh HUP/ zkhuh wkh vkruw0uxq lqwhuhvwv ri rwkhu frxq0
wulhv duh kxuw li rqh frxqwu| ghydoxhv1 Srolf| frpplwphqwv wr frpsoh{ frqwlqjhqw
uxohv zrxog uhtxluh lpsodxvleoh dvvxpswlrqv rq yhul￿delolw| dqg iruhvljkw1
Zkdw lv wkh rswlpdo uxohB Dv wkh ghsuhfldwlrq udwh lv nqrzq lq dgydqfh ri
zdjh vhwwlqj dqg h{shfwdwlrq irupdwlrq dqg lv qrw frqwlqjhqw rq wkh 0 vkrfnv/ lw
lv qhxwudo zlwk uhvshfw wr uhdo yduldeohv1 Khqfh/ wkh rswlpdo uxoh kdv & ’f ￿Xqghu
wklv vlpsolflw| frqvwudlqw/ d ￿{hg h{fkdqjh udwhv lv wkxv wkh rswlpdo frpplwphqw1
Wklv uhvxowv lq wkh iroorzlqj htxloleulxp rxwfrph= Z7 ’ ZWc% 7’w￿0czkhuh wkh
7 vxshuvfulsw vwdqgv iru vlpsoh uxoh1
Lv wkh vlpsoh uxoh ehwwhu wkdq glvfuhwlrqB Lw ghshqgv1 Wkh uxoh eulqjv derxw
orzhu dyhudjh lq dwlrq/ exw hpsor|phqw lv pruh yduldeoh1 D irupdo frpsdulvrq
ri wkh wzr uhjlphv fdq eh pdgh e| vxevwlwxwlqj +5145,0+5147,/ dqg wkh suhylrxv
h{suhvvlrq iru Z7dqg %7/ lqwr +519, dqg wdnlqj h{shfwdwlrqv ri wkh gl￿huhqfh lq






















Wkh ￿uvw wzr whupv rq wkh UKV fdswxuh wkh ehqh￿w ri fuhglelolw| xqghu wkh vlpsoh
uxoh￿ wkh vxp ri wkh vtxduhg dyhudjh lq dwlrq eldv dqg lwv yduldqfh1 Wkh odvw
whup lv wkh orvv iurp qrw iurp ehlqj deoh wr vwdelol}h hpsor|phqw1 D vlpsoh uxoh lv
ehwwhu wkdq glvfuhwlrq li wkh jdlq ri fuhglelolw| lv odujhu wkdq wkh orvv ri vwdelol}dwlrq
srolflhv1 Wklv wudgh0r￿ ehwzhhq fuhglelolw| dqg  h{lelolw| lv d uhfxuuhqw wkhph lq
wkh olwhudwxuh rq lqvwlwxwlrq ghvljq1 Wkh ehqh￿w ri wkh vlpsoh uxoh lv ixuwkhu
67hqkdqfhg li/ xqghu glvfuhwlrq/ prqhwdu| srolf| lv dovr glvwruwhg e| wkh hohfwrudo
lqfhqwlyhv glvfxvvhg lq Vhfwlrq 61
Dqrwkhu prqhwdu| uhjlph/ riwhq dgyrfdwhg wkrxjk kdughu wr hqirufh/ lv d
frpplwphqw wr d & ( prqh| jurzwk uxoh1 Vxssrvh zh dgg d vlpsoh txdqwlw|0
wkhru| htxdwlrq wr rxu prgho/ zkhuh prqh| ghpdqg ghshqgv rq rxwsxw jurzwk +ru
hpsor|phqw,/ vr wkdw = Zn% ’ 6nD￿Wkh srolf| lqvwuxphqw lv 6/ olnh lq vhfwlrq
51 Xqghu d vlpsoh prqh| jurzwk uxoh/ yhorflw| vkrfnv ￿ ghvwdelol}h hpsor|phqw
dqg sulfhv1 D vlpsoh h{fkdqjh udwh shj/ rq wkh rwkhu kdqg/ dxwrpdwlfdoo| r￿vhwv
yhorflw| vkrfnv1 Rq wkh rwkhu kdqg/ d prqh| vxsso| uxoh pljkw ehwwhu vwdelol}h
vxsso| vkrfnv> dv wkhvh ghvwdelol}h erwk rxwsxw dqg sulfhv/ wkh sulfh uhvsrqvh dfwv
dv dq dxwrpdwlf rxwsxw vwdelol}hu1 Lq wkh olplw/ li b ’￿ /d&( prqh| uxoh plplfv
wkh rswlpdo srolf| uhvsrqvh wr d vxsso| vkrfn157
Wkh dvvxpswlrq wkdw dq h{fkdqjh udwh shj/ rqfh dqqrxqfhg/ fdqqrw eh dedq0
grqhg xqwlo qh{w shulrg/ pd| eh wrr vwdun1 Pxowlodwhudo h{fkdqjh udwh djuhhphqwv
riwhq kdyh hvfdsh fodxvhv= Hxurshdq frxqwulhv kdyh whpsrudulo| ohiw wkh HUP ru
uhdoljqhg wkhlu fhqwudo sdulwlhv zkhq h{fhswlrqdo flufxpvwdqfhv pdgh lw gl!fxow
wr nhhs wkh h{fkdqjh udwh zlwklq wkh edqg1 Dq hvfdsh fodxvh fdq eh wkrxjkw ri
dv iroorzv1 Gh￿qh qrupdo wlphv dv d udqjh ri srvvleoh uhdol}dwlrqv ri wkh xqre0
vhuydeoh vxsso| vkrfn= 0 5 d0uEw￿c0 LEw￿o1 Lqvlgh wklv lqwhuydo/ wkh fhqwudo edqn
uhpdlqv frpplwwhg wr wkh vlpsoh uxoh￿ Gxulqj h{fhswlrqdo wlphv/ gh￿qhg e| wkh
frpsohphqwdu| hyhqw/ dq hvfdsh fodxvh lv lqyrnhg1 Wkh fhqwudo edqn dedqgrqv wkh
vlpsoh uxoh dqg sxuvxhv d glvfuhwlrqdu| +h{ srvw rswlpdo, srolf|/ jlyhq lq dwlrqdu|
h{shfwdwlrqv1
Dw qrupdo wlphv/ wkh h{fkdqjh udwh lv ￿{hg dqg rxwsxw lv ghvwdelol}hg e|
+vpdoo, vxsso| vkrfnv1 Wkhuh lv dovr d shvr sureohp= dv wkh hvfdsh fodxvh zloo eh
lqyrnhg zlwk srvlwlyh suredelolw|/ h{shfwhg lq dwlrq lv dozd|v srvlwlyh1 Qrupdo
wlphv zlwk dfwxdo lq dwlrq dw }hur/ wkxv kdv vrph xqh{shfwhg gh dwlrq dqg hp0
sor|phqw ehorz wkh qdwxudo udwh1 Dw h{fhswlrqdo wlphv/ rq wkh rwkhu kdqg/ wkh
fhqwudo edqn dedqgrqv wkh uxoh dqg vhwv dq h{ srvw rswlpdo srolf| wr vwdelol}h
+xqxvxdoo| odujh, vxsso| vkrfnv1 Exw ohvv lq dwlrq lv qrz qhhghg frpsduhg wr
wkh uhjlph zlwk sxuh glvfuhwlrq/ ehfdxvh h{shfwhg lq dwlrq lv orzhu1 Khqfh/ d
vlpsoh uxoh zlwk dq hvfdsh fodxvh vwulnhv d ehwwhu edodqfh ehwzhhq fuhglelolw| dqg
 h{lelolw|/ e| doorzlqj iru  h{lelolw| zkhq lw lv prvw qhhghg1 Lqghhg/ Iorrg dqg
57D olwhudwxuh gdwlqj edfn wr wkh vhyhqwlhv kdv vwxglhg wkh fkrlfh ri ehwzhhq dowhuqdwlyh
uxohv lq ulfkhu prghov￿iru vxuyh|v/ vhh Jhqehuj +4<;<, dqg Iorrg dqg Pxvvd +4<<7,1 Uhfhqw
frqwulexwlrqv wr wkh frpsdulvrq ri h{fkdqjh udwh yhuvxv prqh| edvhg vwdelol}dwlrqv ri lq dwlrq
duh vxuyh|hg e| Fdoyr dqg Yhjk +wklv yroxph,
68Lvdug +4<;<, kdyh vkrzq wkdw d uxoh zlwk dq hvfdsh fodxvh dozd|v grplqdwhv sxuh
glvfuhwlrq dqg/ li vxsso| vkrfnv duh vx!flhqwo| yrodwloh/ lw dovr grplqdwhv d vlpsoh
uxoh1 Dv Revwihog +4<<9, kdv vwuhvvhg/ krzhyhu/ hvfdsh0foxvh uhjlphv fdq jlyh ulvh
wr pxowlsoh htxloleuld1 Lqwxlwlyho|/ h{shfwhg lq dwlrq ghshqgv rq krz riwhq wkh
hvfdsh fodxvh lv lqyrnhg1 Dw wkh vdph wlph/ wkh h{ srvw ghflvlrq zkhwkhu ru qrw
wr lqyrnh wkh hvfdsh fodxvh ghshqgv rq h{shfwhg lq dwlrq1 Dv kljkhu lq dwlrq0
du| h{shfwdwlrqv pdnh lw pruh whpswlqj wr dedqgrq wkh uxoh/ kljk lq dwlrqdu|
h{shfwdwlrqv pd| ehfrph vhoi0ixo￿oolqj1
Krz fdq d uhjlph zlwk dq hvfdsh fodxvh eh lpsohphqwhgB Lq d pxowlodwhudo
h{fkdqjh udwh uhjlph zkhuh uhdoljqphqwv kdyh wr eh dssuryhg e| dq lqwhuqdwlrqdo
erg|/ wkh erxqgv zrxog ghshqg rq wkh edujdlqlqj srzhu ri wkh ghydoxlqj +uhydox0
lqj, frxqwu|/ zklfk/ lq wxuq/ zrxog ghshqg rq wkh ghwdlov ri wkh lqvwlwxwlrq +wkh
survshfwlyh vdqfwlrqv/ wkh surfhgxuh iru pdnlqj wkh ghflvlrqv/ hwf1,1 Lq d grphvwlf
frqwh{w/ zh frxog vxssrvh wkdw dw wkh lqvwlwxwlrq ghvljq vwdjh +ehiruh w lv uhdol}hg,
vrflhw| vhwv d sdlu ri ￿{hg frvwv ^SuEw￿cS LEw￿‘ lqfxuuhg zkhqhyhu wkh hvfdsh fodxvh
lv lqyrnhg1 Wkhvh frvwv zrxog fdswxuh wkh sxeolf lpdjh orvv iru wkh fhqwudo edqnhu
iurp qrw ixo￿oolqj klv pdqgdwh/ ru wkh frvwv iru wkh jryhuqphqw ri ryhuulglqj d
fhqwudo edqn frpplwwhg wr wkh vlpsoh uxoh1 Wkh| zrxog lpsolflwo| gh￿qh erxqgv
0uEw￿ dqg 0LEw￿c wkdw ohdyh wkh fhqwudo edqn lqgl￿huhqw ehwzhhq vwlfnlqj wr wkh
vlpsoh uxoh dqg ehdulqj wkh frvw ri qr vwdelol}lqj srolflhv/ ru sd|lqj wkh frvw dqg
lqyrnlqj wkh hvfdsh fodxvh1 Lq qhlwkhu ri wkhvh lqwhusuhwdwlrqv lw lv uhdvrqdeoh wr
dvvxph wkdw wkh frvwv frxog eh fdoleudwhg yhu| fduhixoo| h{ dqwh1 Iru lqvwdqfh/
frvwv pd| kdyh wr eh vwdwh0ghshqghqw ru v|pphwulf> SuEw￿’S ucS L E w ￿’S L ru
SL ’ Su ’ S￿ Vxfk sodxvleoh frqvwudlqwv zrxog suhyhqw vrflhw| iurp uhdslqj wkh ixoo
ydoxh ri wkh hvfdsh fodxvh uhjlph/ exw vwloo jhqhudoo| lpsuryh rq wkh glvfuhwlrqdu|
rxwfrph1 Iorrg dqg Pdulrq +4<<:, srlqw rxw wkdw dq lpsruwdqw frqvlghudwlrq
ehklqg wkh h{ dqwh fkrlfh ri S pljkw eh wr suhyhqw pxowlsoh htxloleuld1
7151 Fhqwudo edqn lqghshqghqfh
Wkh ￿uvw h{dpsoh ri vwudwhjlf ghohjdwlrq lq prqhwdu| srolf| lv wkh lqghshqghqw
dqg frqvhuydwlyh fhqwudo edqnhu/ vxjjhvwhg e| Urjr￿ +4<;8,1 Wr looxvwudwh wkh lghd
lq rxu vlpsoh prgho/ zh frqwlqxh wr pdnh d irupdo glvwlqfwlrq ehwzhhq vrflhw|
dqg wkh fhqwudo edqn1 Vrflhw|*v wuxh suhihuhqfhv wdnh wkh irup ri +519,1 Dw wkh
lqvwlwxwlrq ghvljq vwdjh +3, ri wkh prgho/ vrflhw| dssrlqwv d fhqwudo edqnhu1 Wkh
fhqwudo edqnhu lv lqghshqghqw= rqfh dssrlqwhg/ vrflhw| fdq qr orqjhu lqwhuihuh
zlwk klv ghflvlrqv1 +Wrzdugv wkh hqg ri wklv vxevhfwlrq/ zh dvn krz uhdvrqdeoh
69wklv dvvxpswlrq uhdoo| lv1, Survshfwlyh fhqwudo edqnhuv kdyh orvv ixqfwlrqv ri wkh
irup +519,/ exw gl￿hu lq wkhlu shuvrqdo ydoxhv ri b158 Wkh dssrlqwphqw wkxv erlov
grzq wr wkh fkrlfh ri d sdudphwhu/ vd| b
￿￿ Wkh sulydwh vhfwru revhuyhv b
￿ dqg
irupv lwv lq dwlrqdu| h{shfwdwlrqv dffruglqjo|1
Wkh dssrlqwhg fhqwudo edqnhu vhwv prqhwdu| srolf| iuhho| dw vwdjh +7,/ dffrug0
lqj wr klv rzq sulydwh suhihuhqfhv1 Dv douhdg| glvfxvvhg lq vhfwlrq 516/ wklv fkrlfh















Qrwh wkdw wkh rxwfrphv gr qrw rqo| ghshqg rq wkh uhdol}hg vkrfnv/ exw dovr rq
wkh edqnhuv*v suhihuhqfhv1 Wkhvh h{suhvvlrqv looxvwudwh d edvlf wudgh0r￿ lq wkh
vwudwhjlf ghohjdwlrq= d fhqwudo edqnhu pruh kdznlvk rq lq dwlrq/ l1h1 vrphrqh
z l w kdo r z h ub
￿ckdv pruh fuhglelolw| lq nhhslqj lq dwlrq orz/ exw lv ohvv zloolqj
wr vwdelol}h vxsso| vkrfnv1
Wr irupdoo| vwxg| ghohjdwlrq/ frqvlghu vrflhw|*v h{shfwhg orvv ixqfwlrq/ dv d









zkhuh wkh h{shfwdwlrq lv wdnhq ryhu w dqg 0c iru dq| b
￿￿ Qh{w/ lqvhuw wkh h{suhv0
vlrqv iru htxloleulxp lq dwlrq dqg hpsor|phqw lqwr +714, dqg wdnh h{shfwdwlrqv1












Wkh ￿uvw whup lv wkh h{shfwhg fuhglelolw| orvv ri fkrrvlqj d fhqwudo edqnhu zlwk
d kljkhu b
￿￿ Wkh vhfrqg whup phdvxuhv wkh h{shfwhg vwdelol}dwlrq jdlq1 Wkh
58Wklv vxjjhvwv d khwhurjhqhlw| lq wkh srsxodwlrq zlwk uhjdug wr wkh uhodwlyh zhljkw sodfhg rq
lq dwlrq yhuvxv hpsor|phqw/ zklfk rxu irupdo prgho devwudfwv iurp1 Dv glvfxvvhg lq vhfwlrq 6/
krzhyhu/ vxfk khwhurjhqhlw| fdq eh irupdoo| lqwurgxfhg lq wkh prgho zlwkrxw dq| gl!fxowlhv1
Dohvlqd dqg Julool +4<<5, lqghhg vkrz wkdw vwudwhjlf ghohjdwlrq ri wkh w|sh wr eh glvfxvvhg ehorz
zrxog wdnh sodfh hqgrjhqrxvo| lq d prgho zkhuh khwhurjhqrxv yrwhuv hohfw wkh fhqwudo edqnhu
gluhfwo|1
6:rswlpdo dssrlqwphqw lqyroyhv vhwwlqj wklv h{suhvvlrq htxdo wr }hur1 Hydoxdwlqj
wkh ghulydwlyh +715, dw wkh h{wuhph srlqwv lpsolhv wkdw b :b
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Wkxv/ e| rswlpdoo| fkrrvlqj dq lqghshqghqw fhqwudo edqnhu/ vrflhw| vwulnhv d
gl￿huhqw frpsurplvh ehwzhhq fuhglelolw| dqg  h{lelolw| wkdq lq wkh ￿{hg h{fkdqjh
udwh uhjlph1 Exw lw lv vwloo d frpsurplvh= lw lv rswlpdo wr dssrlqw d fhqwudo
edqnhu zkr lv pruh frqvhuydwlyh rq lq dwlrq wkdq vrflhw| lwvhoi +wr dgguhvv wkh
lq dwlrq eldv,/ exw vwloo qrw xowudfrqvhuydwlyh +wr suhvhuyh vrph ri wkh ehqh￿wv
ri vwdelol}dwlrq,1 Qrwh dovr wkdw  xfwxdwlrqv lq wkh lq dwlrq eldv dulvlqj iurp
revhuydeoh w vkrfnv uhpdlq￿ Li b
￿ frxog eh fkrvhq diwhu wkh uhdol}dwlrq ri w/ vrflhw|
zrxog zdqw wr phhw d pruh vhulrxv lqfhqwlyh sureohp￿d vpdoohu w￿zlwk d pruh
kdznlvk fhqwudo edqnhu￿d vpdoohu b
￿￿ Lq sudfwlfh/ wkh h{whqw ri wkh lqfhqwlyh
sureohp lv vhuldoo| fruuhodwhg ryhu wlph/ vr wkdw pdnlqj dssrlqwphqwv dw glvfuhwh
srlqwv lv suredeo| d jrrg zd| ri ghdolqj zlwk wklv sureohp1
Olnh lq wkh hvfdsh0fodxvh prgho/ zh frxog jlyh vrflhw| ru jryhuqphqw wkh rs0
wlrq ri ryhu0ulglqj wkh fhqwudo edqn ghflvlrq lq h{fhswlrqdo flufxpvwdqfhv1 Wkh
ryhu0ulgh rswlrq frxog lqyroyh ￿ulqj wkh fhqwudo edqnhu/ lqwurgxflqj dg0krf ohj0
lvodwlrq ru dq h{solflw ryhu0ulgh fodxvh xqghu d suhvshfl￿hg surfhgxuh +wkh odwwhu
duudqjhphqw lv lqghhg revhuyhg lq wkh fhqwudo edqn ohjlvodwlrq ri pdq| frxq0
wulhv,1 Dq lpsolflw hvfdsh fodxvh plwljdwhv wkh h{ srvw vxerswlpdolw| ri fhqwudo
edqn ehkdylru/ lqgxflqj hyhq d frqvhuydwlyh fhqwudo edqnhu wr vwdelol}h h{wuhph
vxsso| vkrfnv wr wkh vdph h{whqw dv vrflhw| zrxog gr15: Wklv rswlrq vkrxog qrw
eh ryhuhpskdvl}hg/ krzhyhu> hvfdsh fodxvhv fdq kdugo| eh rswlpdoo| ghvljqhg h{
dqwh1 Pruhryhu/ dv douhdg| qrwhg lq wkh lqwurgxfwlrq/ li wkh jryhuqphqw kdv dq
ryhuulgh rswlrq/ zk| grhv lw qrw xvh lw doo wkh wlph wr jhw wkh srolf| lw zdqwv h{
srvwB
Zh pd| dovr qrwh wkdw kdylqj dq lqghshqghqw fhqwudo edqn dovr surwhfwv vr0
flhw| iurp wkh glvwruwlrqv lqwurgxfhg e| wkh hohfwrudo exvlqhvv f|fohv glvfxvvhg lq
Vhfwlrq 61 Lq wklv fdvh/ krzhyhu/ rqo| lqghshqghqfh lv uhtxluhg/ dqg qr vshfldo
hpskdvlv rq lq dwlrq uhodwlyh wr rwkhu pdfurhfrqrplf jrdov1 Zdoohu +4<;<, zdv
suredeo| ￿uvw lq irupxodwlqj d prgho ri fhqwudo edqn lqghshqghqfh xqghu sduwlvdq
srolwlfv15;
59Htxdwlrq +71:, lv d irxuwk0rughu htxdwlrq lq ￿
E>zklfk lv gl!fxow wr vroyh1 Exw dv wkh
ghulydwlyh lv qhjdwlyh dw ￿
E @3 >srvwlyh iru doo ￿
E A￿ / dqg wkh vhfrqg0rughu frqglwlrq lv
ixo￿oohg iru dq| ￿
E lq wkh lqwhuydo +3>￿,/ zh nqrz wkdw wkh vroxwlrq pxvw eh lqvlgh wkh lqwhuydo
+3>￿,
5:Wklv lv lqghhg suryhg e| Orkpdq +4<<5,
5;Iudwldqql/ yrq Kdjhq dqg Zdoohu +4<<8, irpdoo| dqdo|}h wkh uroh ri fhqwudo edqn lqghshq0
ghqfh lq wkh devhqfh ri d wudglwlrqdo fuhglelolw| sureohp/ exw lq wkh suhvhqfh ri h{solflw hohfwrudo
6;Wkh olwhudo lqwhusuhwdwlrq wkdw vrflhw| slfnv d fhqwudo edqnhu |+Re lv qrw yhu|
vdwlvidfwru|= lqglylgxdo sulrulwlhv ru dwwlwxghv wrzdugv lq dwlrq dqg hpsor|phqw
duh riwhq xqnqrzq dqg ydjxho| gh￿qhg1 Pruhryhu/ lqglylgxdo dwwlwxghv duh sured0
eo| ohvv lpsruwdqw wkdq wkh jhqhudo fkdudfwhu dqg wudglwlrq ri wkh lqvwlwxwlrq lwvhoi1
D ehwwhu lqwhusuhwdwlrq lv wkdw/ dw wkh frqvwlwxwlrqdo vwdjh/ vrflhw| gudiwv d fhqwudo
edqn vwdwxwh vshoolqj rxw wkh ￿plvvlrq￿ ri wkh lqvwlwxwlrq1 Wkxv/ wkh sdudphwhu
b
￿ uh hfwv wkh sulrulw| dvvljqhg wr sulfh vwdelolw| uhodwlyh wr rwkhu pdfurhfrqrplf
jrdov1 Dv lqvwuxphqw lqghshqghqfh lv d qhfhvvdu| frqglwlrq iru ghohjdwlrq wr zrun/
zh vkrxog h{shfw vxfk d vwudwhjlf vhwwlqj ri jrdov wr zrun ehwwhu li frpelqhg zlwk
lqvwlwxwlrqdo dqg ohjlvodwlyh ihdwxuhv/ ohqglqj lqghshqghqfh wr wkh fhqwudo edqn
dqg vklhoglqj lw iurp vkruw uxq srolwlfdo suhvvxuhv1
Lq wklv lqwhusuhwdwlrq/ wkh prgho |lhogv revhuydeoh lpsolfdwlrqv= frxqwulhv ru
wlph shulrgv lq zklfk wkh fhqwudo edqn vwdwxwh jlyhv sulrulw| wr sulfh vwdelolw|
dqg surwhfwv fhqwudo edqn lqghshqghqfh vkrxog kdyh orzhu dyhudjh lq dwlrq dqg
kljkhu hpsor|phqw +ru rxwsxw, yrodwlolw|￿vlqfh li b
￿ ￿b / vwdelol}dwlrq srolflhv
duh sxuvxhg ohvv yljrurxvo|1 Pruhryhu/ hohfwrudo exvlqhvv f|fohv lq lq dwlrq ru
rxwsxw vkrxog eh ohvv surqrxqfhg zlwk juhdwhu fhqwudo edqn lqghshqghqfh1 E|
qrz/ d qxpehu ri vwxglhv kdyh frqvwuxfwhg phdvxuhv ri fhqwudo edqn lqghshqghqfh
edvhg rq fhqwudo edqn vwdwxwhv/ dovr wdnlqj wkh sulrulw| jlyhq wr wkh jrdo ri sulfh
vwdelolw| lqwr dffrxqw15< Furvv0frxqwu| gdwd iru lqgxvwuldo frxqwulhv vkrz d vwurqj
qhjdwlyh fruuhodwlrq ehwzhhq wkrvh phdvxuhv ri fhqwudo edqn lqghshqghqfh dqg
lq dwlrq/ exw qr fruuhodwlrq ehwzhhq rxwsxw ru hpsor|phqw yrodwlolw| dqg fhqwudo
edqn lqghshqghqfh1 Wkxv/ fhqwudo edqn lqghshqghqfh vhhpv wr eh d iuhh oxqfk= lw
uhgxfhv dyhudjh lq dwlrq/ dw qr uhdo frvw1 Gl￿huhqw lqwhusuhwdwlrqv ri wklv uhvxow
kdyh ehhq vxjjhvwhg1 Dohvlqd dqg Jdwwl +4<<9, qrwh wkdw dq lqghshqghqw fhqwudo
edqn frxog uhgxfh hohfwrudoo| lqgxfhg rxwsxw yrodwlolw|/ dv zrxog eh suhglfwhg e|
wkh prghov ri vhfwlrq 6/ dqg Olssl +4<<:, surylghv hylghqfh wkdw frxog vxssruw wklv
sursrvlwlrq1 Srvhq +4<<6, dqg +4<<8, dujxhv wkdw wkh furvv0frxqwu| fruuhodwlrq
ehwzhhq fhqwudo edqn lqghshqghqfh dqg orzhu lq dwlrq lv qrw fdxvdo/ dqg vxjjhvwv
wkdw erwk pd| eh lqgxfhg e| vrflhw|*v xqghuo|lqj suhihuhqfhv iru orz dqg vwdeoh
lq dwlrq1
Ilqdoo|/ Urjr￿ +4<;8, dovr vxjjhvwv dqrwkhu lqwhusuhwdwlrq ri wkh prgho= wkh
frqvhuydwlyh fhqwudo edqnhu pljkw eh lqwhusuhwhg dv d wdujhwlqj vfkhph vxssruwhg
e| d vhw ri sxqlvkphqwv dqg uhzdugv1 Kdylqj d frqvhuydwlyh fhqwudo edqnhu lv
lqfhqwlyhv1
5<Vhh lq sduwfxodu Edgh dqg Sdunlq +4<;;,/ Julool/ Pdvfldqgdur dqg Wdehoolql +4<<4,/ Dohvlqd
dqg Vxpphuv +4<<6,/ Fxnlhupdq +4<<5,/ Hlm!qjhu dqg Vfkdolqj +4<<6,1
6<irupdoo| htxlydohqw wr kdylqj dq dgglwlrqdo whup lq lq dwlrq lq klv orvv ixqfwlrq/
E￿￿ ￿ ￿￿EZ ￿ ZW￿2c zkhuh ￿￿ :￿ ￿Wkh fhqwudo edqnhu wkxv kdv wkh vdph remhf0
wlyh ixqfwlrq dv hyhu|erg| hovh/ exw idfhv dgglwlrqdo vdqfwlrqv li dfwxdo lq dwlrq
h{fhhgv wkh wdujhw1 Lq wklv vlpsoh prgho/ d frqvhuydwlyh fhqwudo edqnhu lv wkxv
htxlydohqw wr dq lq dwlrq wdujhw163 Wklv dowhuqdwlyh lqwhusuhwdwlrq kdv ehhq slfnhg
xs e| d pruh uhfhqw olwhudwxuh/ dvnlqj zklfk wdujhwv duh pruh h!flhqw/ dqg pruh
jhqhudoo| krz d wdujhwlqj vfkhph vkrxog eh ghvljqhg wr rswlpdoo| vkdsh wkh fhq0
wudo edqn h{0srvw lqfhqwlyhv1
7161 Lq dwlrq wdujhwv dqg lq dwlrq frqwudfwv
Fhqwudo edqnv kdyh wudglwlrqdoo| rshudwhg zlwk lqwhuphgldwh wdujhwv/ olnh prqh| ru
wkh h{fkdqjh udwh1 Lq wkh qlqhwlhv/ vhyhudo fhqwudo edqnv vwduwhg wr wdujhw lq dwlrq=
zkhuhdv vrph fhqwudo edqnv lpsrvhg wkh surfhgxuh rq wkhpvhoyhv/ wkh wudqvlwlrq
kdv ehhq pdqgdwhg e| vrph jryhuqphqwv164 Vxfk wdujhwlqj vfkhphv kdyh uhfhqwo|
ehhq vwxglhg iurp wkh srlqw ri ylhz ri wkh wkhru| ri rswlpdo frqwudfwv1 Vrflhw|/
ru zkrhyhu lv wkh sulqflsdo ri wkh fhqwudo edqn/ suhvhqwv lwv djhqw￿wkh fhqwudo
edqn￿zlwk sxqlvkphqwv ru uhzdugv frqglwlrqdo rq lwv shuirupdqfh1 Wkh txhvwlrq
lv zkdw frqvwlwxwhv dq rswlpdo frqwudfw/ dqg zkdw nlqg ri ehkdylru lw lqgxfhv rq
wkh djhqw1 Zh looxvwudwh wkh edvlf lghdv ri wklv uhfhqw olwhudwxuh lq rxu vlpsoh prgho
ri fuhglelolw|1 Wkh rswlpdo frqwudfw fdq hdvlo| eh prgl￿hg vr dv wr lpsohphqw wkh
rswlpdo prqhwdu| srolf| hyhq lq wkh suhvhqfh ri srolwlfdo glvwruwlrqv/ exw zh gr
qrw sxuvxh wklv h{whqvlrq1 Pxfk ri wkh glvfxvvlrq lq wklv vxevhfwlrq lv edvhg rq
uhvxowv lq Shuvvrq dqg Wdehoolql +4<<6, dqg Zdovk +4<<8d,1
Wkh fhqwudo edqn krogv wkh vdph txdgudwlf suhihuhqfhv dv hyhu|erg| lq vrfl0
hw|1 Lw rshudwhv xqghu glvfuhwlrq/ vhwwlqj srolf| dw vwdjh +7,1 Dw wkh frqvwlwxwlrqdo
vwdjh +3,/ wkh jryhuqphqw irupxodwhv d sxeolfo| revhuydeoh frpsohwh frqwudfw iru
wkh fhqwudo edqn zklfk irupxodwhv vwdwh0frqwlqjhqw sxqlvkphqwv +ru uhzdugv, frq0
glwlrqdo rq uhdol}hg lq dwlrq=
￿EZ(wc0￿’R fE wc0￿nR ￿E wc0￿Z nR2Ewc0￿Z
2￿ +716,
63Urjr￿ +4<;8, frpsduhv dq lq dwlrq wdujhw wr rwkhu qrplqdo wdujhwv/ vxfk dv prqh| dqg
qrplqdo lqfrph1 Kh vkrzv wkdw vwudwhjlf frqfhuqv ri wkh w|sh frqvlghuhg khuh/ fdq lqghhg
ryhuwxuq wkh udqnlqj ri lqwhuphgldwh wdujhwv/ edvhg rq sdudphwhu ydoxhv dqg uhodwlyh yduldqfh
ri vkrfnv/ lq wkh wudglwlrqdo qrq0vwudwhjlf olwhudwxuh rq prqhwdu| wdujhwlqj1
64D vxevwdqwldo olwhudwxuh glvfxvvhv uhdo0zruog lq dwlrq wdujhwlqj1 Vhh lq sduwlfxodu Ohlghupdq
dqg Vyhqvvrq +4<<8,/ Kdogdqh +4<<8,/ PfFdooxp +4<<9,/ Plvknlq dqg Srvhq +4<<:,/ Dophlgd
dqg Jrrgkduw +4<<9,1 Lq sudfwlfh/ dq lq dwlrq wdujhw phdqv wkdw wkh fhqwudo edqn lv xvlqj lwv
rzq lq dwlrq iruhfdvw dv dq lqwhuphgldwh wduhjhw> vhh Vyhqvvrq +4<<:e, iru lqvwdqfh1
73Rxu jrdo lv wr rswlpdoo| vhw wkh whupv R￿Ewc0￿c￿’f c￿ c2 / wkdw gh￿qh wkh frqwudfw1
Zh rqo| lqfoxgh xs wr vhfrqg0rughu whupv lq wkh frqwudfw/ vlqfh wkdw lv vx!flhqw
iru rxu sxusrvhv1 Xqlwv duh qrupdol}hg vr wkdw/ dw vwdjh +7,/ wkh fhqwudo edqn
plqlpl}hv wkh vxp ri wkh orvv ixqfwlrq dqg lwv sxqlvkphqw zlwk uhvshfw wr lq dwlrq=
uEZc%￿n￿E Z(wc0￿￿
Jrlqj wkurxjk wkh vdph vwhsv dv lq vhfwlrq 516 +ghulylqj wkh fhqwudo edqn
rswlpxp frqglwlrq iru lq dwlrq/ jlyhq wkh frqwudfw dqg h{shfwhg lq dwlrq/ vroylqj
iru udwlrqdoo| h{shfwhg lq dwlrq/ dqg frpelqlqj wkh uhvxowlqj h{suhvvlrqv,/ zh jhw
wkh htxloleulxp frqglwlrq=
E￿ n R2Ewc0￿￿Z ’ Z





Wkh ehqfkpdun rswlpxp lq +5144, fdq eh lpsohphqwhg e| vhwwlqj R2Ewc0￿’f
dqg R￿Ewc0￿’R ￿E w ￿’b E % W￿w ￿ ￿Vlqfh wkh frqvwdqw RfEwc0￿ grhv qrw d￿hfw dq|
ri wkh fhqwudo edqn pdujlqdo lqfhqwlyhv/ lw fdq eh vhw iuhho|￿iru lqvwdqfh/ lw fdq
eh vhw qhjdwlyh hqrxjk wkdw wkh sduwlflsdwlrq frqvwudlqw lv vdwlv￿hg= wkh fhqwudo
edqn ohdghuvkls ￿qgv lw dwwudfwlyh hqrxjk lq h{shfwhg whupv wr wdnh rq wkh mre1
Wkxv d uhpdundeo| vlpsoh olqhdu shuirupdqfh frqwudfw￿lpsrvlqj d olqhdu
shqdow| rq lq dwlrq￿uhpryhv wkh lq dwlrq eldv frpsohwho|1 Wkh fuhglelolw|0
 h{lelolw| wudgh0r￿ kdv glvdsshduhg= dyhudjh lq dwlrq lv eurxjkw grzq wr wkh
wdujhw/ dw qr frvw ri rxwsxw yrodwlolw|1 Rqfh wkh vlpsoh frqwudfw kdv ehhq iru0
pxodwhg/ wkh fhqwudo edqn kdv wkh uljkw lqfhqwlyhv wr lpsohphqw h{ dqwh rswlpdo
srolf|1 Qrwh wkdw wkh rswlpdo frqwudfw lv qrw frqglwlrqdo rq 0> wklv lv ehfdxvh wkh
pdujlqdo lqfhqwlyhv wr vwdelol}h wkh hfrqrp| duh fruuhfw xqghu glvfuhwlrq +lq wkh
whuplqrorj| ri Vhfwlrq 5/ wkhuh lv dq lq dwlrq eldv exw qr vwdelol}dwlrq eldv,1 Exw
wkh vorsh ri wkh shqdow| iru lq dwlrq lv frqglwlrqdo rq w> dv wkh lqfhqwlyh wr lq dwh
wkh hfrqrp| dovr ydulhv olqhduo| zlwk w￿ Wr vhh wkh lqwxlwlrq iru wklv uhvxow/ wklqn
derxw wkh sxqlvkphqw iru lq dwlrq dv d Sljryldq fruuhfwlyh wd{1 Dv glvfxvvhg lq
Vhfwlrq 516/ wkh glvwruwlrq zh zdqw wr dgguhvv lv wkdw wkh fhqwudo edqn grhv qrw
lqwhuqdol}h wkh h￿hfw ri lwv srolf| rq lq dwlrqdu| h{shfwdwlrqv/ zkhq dfwlqj h{
srvw1 Vlqfh h{shfwhg lq dwlrq .EZ m w￿ lv d olqhdu surmhfwlrq ri Zc d olqhdu shqdow|
iru lq dwlrq pdnhv wkh fhqwudo edqn fruuhfwo| lqwhuqdol}h wkh pdujlqdo frvw ri lwv
srolf|165 Wr vhh wklv irupdoo|/ vxevwlwxwh +516, lqwr wkh remhfwlyh ixqfwlrq +519,
dqg fdofxodwh wkh htxloleulxp pdujlqdo frvw ri h{shfwhg lq dwlrq lq vwdwh w dv=
_.duEZc%￿￿wo
_Ze ’ bE%W ￿ w￿’R ￿E wc0￿￿
65Lqghhg/ olqhdulw| ri wkh rswlpdo frqwudfw lv suhvhuyhg iru dq| jhqhudo orvv ixqfwlrqv/ dqg qrw
mxvw iru wkh txdgudwlf rqh1
74Wkdw wkhuh lv qr fuhglelolw|0 h{lelolw| wudgh0r￿ zlwk dq rswlpdo frqwudfw frq0
wudvwv zlwk wkh suhylrxv vxevhfwlrq/ zkhuh￿xqghu d txdgudwlf lq dwlrq wdujhw￿
orzhu h{shfwhg lq dwlrq zdv dvvrfldwhg zlwk glvwruwhg vwdelol}dwlrq srolf|1 D
txdgudwlf lq dwlrq wdujhw lv wkxv qrw dq rswlpdo frqwudfw1 Wkh Urjr￿ +4<;8, wdu0
jhwlqj vroxwlrq/ glvfxvvhg dw wkh hqg ri wkh odvw vhfwlrq/ lv htxlydohqw wr dq lq dwlrq
frqwudfw zlwk R2 ’ E￿￿￿ ￿￿*2/ R￿ ’E ￿ ￿￿￿ ￿ Z W/ dqg Rf ’E ￿ ￿￿￿ ￿EZW￿2*2￿ Wklv
fohduo| jlyhv wkh fhqwudo edqnhu lqfruuhfw pdujlqdo lqfhqwlyhv1
Qhyhuwkhohvv/ wkh rswlpdo olqhdu lq dwlrq frqwudfw fdq eh uhlqwhusuhwhg dv vlp0
lodu wr dq lq dwlrq wdujhw1 Dv wkh lqwhufhsw fdq eh vhw iuhho|/ zh fdq zulwh wkh
rswlpdo frqwudfw dv
￿EZ(w￿’h R fnR ￿E w ￿EZ ￿ Z
W￿( +718,
wkh fhqwudo edqnhu lv sxqlvkhg olqhduo|/ exw rqo| iru ￿R￿@o_ ghyldwlrqv iurp vrfl0
hw|*v suhihuuhg lq dwlrq udwh1 Zdovk +4<<8e, vkrzv wkdw wkh pdujlqdo shqdow| rq
lq dwlrq fdq eh lqwhusuhwhg dv uhvxowlqj iurp dq duudqjhphqw zkhuh wkh jryhuqru
ri wkh fhqwudo edqn idfhv d suredelolw| ri ehlqj ￿uhg zklfk lqfuhdvhv olqhduo| lq
lq dwlrq1 Vxfk dq duudqjhphqw uhvhpeohv wkh Sulfh Wdujhwlqj Djuhhphqw lq irufh
lq Qhz ]hdodqg vlqfh 4<<31 Rwkhu orrvhu lqwhusuhwdwlrqv zrxog eh wr dvvrfldwh
wkh shqdow| zlwk dowhuhg fhqwudo0edqn ohjlvodwlrq/ d orzhu fhqwudo0edqn exgjhw/ ru
d orvv ri suhvwljh ri wkh lqvwlwxwlrq dqg wkh lqglylgxdov khdglqj lw/ iru idlolqj wr
gholyhu rq d sxeolfo| dvvljqhg ru vhoi lpsrvhg ￿plvvlrq￿1 Qdwxudoo|/ lw pd| eh
lpsrvvleoh wr vshfli| wkh shqdow| h{dfwo| dv d olqhdu ixqfwlrq ri lq dwlrq1 Exw wr
dssur{lpdwh dq rswlpdo lqfhqwlyh vfkhph/ wkh sxqlvkphqw iru xszdug ghyldwlrqv
iurp dq lq dwlrq wdujhw vkrxog qrw lqfuhdvh wrr udslgo| zlwk wkh vl}h ri wkh gh0
yldwlrq1 Lq idfw/ li wkh fhqwudo edqn lv ulvn dyhuvh/ wkh rswlpdo frqwudfw hqwdlov d
glplqlvklqj pdujlqdo shqdow| rq lq dwlrq +wr uhlqwurgxfh olqhdulw| lq wkh lqfhqwlyh
vfkhph,1
Vyhqvvrq +4<<:d, kdv sursrvhg dq dowhuqdwlyh lqwhusuhwdwlrq ri lq dwlrq wdu0
jhwv/ uhodwhg wr￿exw vrphzkdw gl￿huhqw iurp￿wkh rswlpdo shuirupdqfh frqwudfw
lqwhusuhwdwlrq1 Lq klv irupxodwlrq wkh fhqwudo edqn lv qrw dvvxphg wr kdyh dq|
jhqhulf suhihuhqfhv ryhu pdfurhfrqrplf rxwfrphv> lqvwhdg vrflhw| fdq lpsrvh d
vshfl￿f remhfwlyh ixqfwlrq rq wkh fhqwudo edqn1 Vxssrvh wkdw/ wkurxjk d wdujhw0
lqj vfkhph ru rwkhuzlvh/ vrflhw| pdqdjhv wr dvvljq d orvv ixqfwlrq zlwk d orzhu
jrdo iru lq dwlrq/ vd| Z￿Ew￿ wr wkh fhqwudo edqn1 Wkhq wkh rswlpdo jrdo iru lq d0
wlrq lv= Z￿Ew￿’Z W￿b E % W￿w ￿ ￿Sxuvxlqj wklv jrdo zrxog holplqdwh wkh lq dwlrq
eldv/ zlwkrxw jlylqj xs rq vwdelol}dwlrq srolflhv1 Wkdw lv/ wkh orzhu lq dwlrq jrdo
lv htxlydohqw wr dq rswlpdo lq dwlrq frqwudfw lq +718,/ zlwk sdudphwhuv R2 ’f /
R ￿’b E % W￿ w ￿dqg Rf ’d b E % W￿w ￿ 2￿2 Z Wb E % W￿w ￿o*2c li zh duh zloolqj wr lqwhusuhw
75d orzhu Z￿ dv kljkhu FE0ghshqghqfh1 Wklv uhsuhvhqwdwlrq ri dq lq dwlrq wdujhw
vxjjhvwv dq dowhuqdwlyh h{sodqdwlrq iru wkh hpslulfdo revhuydwlrq glvfxvvhg lq wkh
suhylrxv vxevhfwlrq1 D orzhu Z￿ lv dvvrfldwhg zlwk orzhu lq dwlrq exw qrw zlwk
kljkhu rxwsxw yduldelolw|/ dv lq wkh gdwd1
Lw lv qrw zlwkrxw sureohpv wr dvvrfldwh wklv vfkhph zlwk uhdo zruog lqvwlwxwlrqv/
krzhyhu1 Vxssrvh wkdw wkh rswlpdo lq dwlrq udwh iru vrflhw|/ ZWc lv derxw 5(/ dqg
wkdw wkh dyhudjh lq dwlrq eldv/ bE%W￿w￿c lv derxw 8( +qrw dq rxwudjhrxv qxpehu/
jlyhq wkh uhfhqw prqhwdu| klvwru| ri pdq| Hxurshdq frxqwulhv,1 Wkh fhqwudo
edqn vkrxog wkhq eh jlyhq dq lq dwlrq jrdo/ Z￿Ew￿cri 06(1 Exw lq htxloleulxp/
wkh fhqwudo edqn zrxog qrw wdnh dq| dfwlrq wr eulqj lq dwlrq ehorz 5(/ zklfk
pd| suhvhqw lw zlwk vrph sureohpv zkhq h{sodlqlqj lwv srolf| wr wkh sxeolf1 D
vhfrqg/ pruh lpsruwdqw/ sureohp uhodwhv wr hqirufhphqw1 Krz fdq zh hqvxuh wkdw
wkh fhqwudo edqn dffhswv wr hydoxdwh wkh frvwv dqg ehqh￿wv ri wkh srolf| dffruglqj
wr wkh lpsrvhg remhfwlyh ixqfwlrq/ udwkhu wkdq dffruglqj wr vrflhw|*v suhihuhqfhvB
D sodxvleoh dqvzhu lv wkdw wkh fhqwudo edqn lv khog dffrxqwdeoh iru lwv dfwlrqv
dqg wkdw wkhuh lv d shuirupdqfh edvhg vfkhph ri uhzdugv ru sxqlvkphqwv wkdw
pdnhv wkh fhqwudo edqn ehkdyh lq wkh ghvluhg idvklrq1 Exw wkhq zh duh edfn wr
wkh shuirupdqfh frqwudfw lqwhusuhwdwlrq ri lq dwlrq wdujhwv h{solflwo| vxjjhvwhg
e| +718,166
D qdwxudo txhvwlrq lv zkhwkhu wr edvh wkh frqwudfw rq lq dwlrq ru rq rwkhu
phdvxuhv ri shuirupdqfh/ vxfk dv prqh|/ wkh h{fkdqjh udwh/ ru qrplqdo lqfrph1
Shuvvrq dqg Wdehoolql +4<<6, vkrz wkdw li wkh fhqwudo edqn lv ulvn qhxwudo/ li wkh
frqvwudlqwv idfhg e| wkh fhqwudo edqn +l1h1 wkh ehkdylrudo htxdwlrqv ri wkh hfrq0
rp|, duh olqhdu/ dv dvvxphg vr idu/ dqg li wkh pdujlqdo shqdowlhv xqghu wkh frqwudfw
fdq eh frqwlqjhqw rq wc wkhuh lv dq htxlydohqfh uhvxow= dowhuqdwlyh wdujhwv |lhog
wkh vdph htxloleulxp1 Zlwk uhohydqw qrq0olqhdulwlhv/ krzhyhu/ dq lq dwlrq edvhg
frqwudfw lv vlpsohu> wr uhsolfdwh wkh h{ dqwh rswlpdo srolf| zlwk rwkhu phdvxuhv ri
shuirupdqfh/ wkh frqwudfw pxvw eh frqwlqjhqw rq d odujhu vhw ri yduldeohv/ vxfk dv
vkrfnv wr prqh| ghpdqg/ ru wr wkh prqh| pxowlsolhu1 Lq wklv vhqvh/ dq lq dwlrq
wdujhw grplqdwhv wdujhwlqj vfkhphv edvhg rq rwkhu qrplqdo yduldeohv= vlpsolf0
lw| lpsolhv hqkdqfhg dffrxqwdelolw| dqg wkxv hdvlhu hqirufhphqw1 Lqwxlwlyho|/ wkh
zkroh sxusrvh ri rswlpdo frqwudfwv lv wr uhpryh dq lq dwlrq eldv1 Wklv lv prvw
hdvlo| grqh e| phdqv ri d gluhfw shqdow| rq lq dwlrq/ udwkhu wkdq lq d pruh urxqg
derxw zd|/ e| wdujhwlqj rwkhu yduldeohv wkdw duh rqo| orrvho| uhodwhg wr lq dwlrq1
Zkdw kdsshqv li wkh frqwudfw fdqqrw eh pdgh vwdwh0frqwlqjhqw/ vr wkdw RfcR ￿c
66Wkh ehvw dvvljqphqw li vrflhw| frxog uhdoo| iuhho| lpsrvh dq remhfwlyh ixfwlrq rq FE/ zrxog
eh wr vhw {￿+￿,@￿> wkhuhe| holplqdwlqj wkh lq dwlrq eldv frpsohwho|1
76dqg R2c lq +716, hdfk kdyh wr eh frqvwdqw dfurvv wB Wklv txhvwlrq dqg lwv dqvzhu duh
uhodwhg wr wkh sureohp lq Khuuhqgrui dqg Orfnzrrg +4<<:,/ zkr vwxg| ghohjdwlrq
lq d prgho zlwk revhuydeoh vkrfnv/ dqg wr wkh sureohp lq Ehhwvpd dqg Mhqvhq
+4<<9,/ zkr vwxg| ghohjdwlrq yld dq rswlpdo frqwudfw zkhq wkh fhqwudo edqnhu*v
suhihuhqfhv duh xqfhuwdlq h{ dqwh1 Wr ￿qg wkh rswlpdo lqfrpsohwh frqwudfw lq wklv
fdvh/ zh ￿uvw soxj wkh vroxwlrq iru Z lq +717, zlwk wkh vorsh frh!flhqwv frqvwdqw/
dv zhoo dv wkh dvvrfldwhg vroxwlrq iru %/ qdpho|
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lqwr wkh txdgudwlf remhfwlyh ixqfwlrq1 Zh wkhq wdnh h{shfwdwlrqv ri wkh uhvxowlqj
h{suhvvlrq ryhu w dqg 0 dqg pd{lpl}h zlwk uhjdug wr R￿ dqg R21 Diwhu whglrxv exw









Wkhvh frqglwlrqv duh erwk lqwxlwlyh1 Lw lv hdv| wr vkrz wkdw wkh ￿uvw frqglwlrq
vd|v .EZ￿’Z W= xqfrqglwlrqdoo| h{shfwhg lq dwlrq vkrxog frlqflgh zlwk vrflhw|*v
suhihuuhg udwh ri lq dwlrq1 Wkh vhfrqg frqglwlrq vd|v wkdw wkh frh!flhqw rq
wkh txdgudwlf whup lq wkh frqwudfw vkrxog eh d srvlwlyh lqfuhdvlqj ixqfwlrq ri wkh
uhodwlyh lpsruwdqfh ri revhuydeoh wr xqrevhuydeoh vkrfnv1 Wkxv/ zkhq  xfwxdwlrqv
lq wkh revhuydeoh lqfhqwlyhv wr lq dwh fdq qrw eh kdqgohg e| d vwdwh0frqwlqjhqw
olqhdu sxqlvkphqw/ wkh frqvwudlqhg rswlpxp jlyhv xs d olwwoh elw rq +￿uvw0ehvw,
vwdelol}dwlrq lq rughu wr glplqlvk wkh frvwo|  xfwxdwlrqv lq Z￿
Dv R￿ frqwdlqv d whup lq ZW/ zh fdq uhzulwh wkh rswlpdo qrq0vwdwh frqwlqjhqw
frqwudfw dv
￿EZ￿’R fnR ￿ZnR 2E Z￿Z
W￿
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zlwk R2 jlyhq e| +719, dqg R￿ ’E b%W n R2ZW￿￿ Dffruglqj wr wklv h{suhvvlrq/ wkh
fhqwudo edqn vkrxog eh wdujhwlqj vrflhw|*v suhihuuhg udwh ri lq dwlrq dqg idfh dq
h{wud uhzdug iru orz lq dwlrq1 Lw lv shukdsv qrw wrr idu ihwfkhg wr lqwhusuhw wkh
lq dwlrq wdujhwlqj vfkhphv hqdfwhg lq wkh 4<<3v lq pdq| frxqwulhv dv dq lqvwdqfh
ri wklv duudqjhphqw167
67Lq wkh prgho ri Ehhwvpd dqg Mhqvhq +4<<9, zlwk xqfhuwdlq FE suhihuhqfhv/ wkh rswlpdo
lq dwlrq wdujhw pd| lqvwhdg eh deryh vrflhw|*v wdujhw1
77Wkh vlpsoh frqwudfwlqj prgho glvfxvvhg khuh kdv ehhq h{whqghg lq vhyhudo
gluhfwlrqv1 Li vrph vkrfnv duh revhuydeoh/ exw qrw yhul￿deoh dqg khqfh qrw frq0
wudfwleoh/ wkh fhqwudo edqn fdq eh uhtxluhg wr uhsruw wkh ydoxh ri wkhvh vkrfnv1
Shuvvrq dqg Wdehoolql +4<<6, vkrz wkdw wkh rswlpdo frqwudfw lv uhodwhg erwk wr wkh
lq dwlrq rxwfrph dqg wr wkh fhqwudo edqn dqqrxqfhphqw> lw lv vwuxfwxuhg lq vxfk
d zd| dv wr lqgxfh rswlpdo ehkdylru dv zhoo dv wuxwk whoolqj1 Srolf| dqqrxqfh0
phqwv pdwwhu qrw ehfdxvh wkh| frqyh| lqirupdwlrq wr wkh sulydwh vhfwru +wkdw
douhdg| revhuyhv hyhu|wklqj,/ exw ehfdxvh wkh| fkdqjh fhqwudo edqn lqfhqwlyhv/
e| surylglqj d ehqfkpdun djdlqvw zklfk shuirupdqfh fdq eh dvvhvvhg h{ srvw168
Zdovk +4<<8d, vkrzv wkdw wkh rswlpdo frqwudfw fdq dovr kdqgoh frvwo| h￿ruw e|
wkh fhqwudo edqn1 Grodgr/ Jul!wkv dqg Sdglood +4<<7,/ dv zhoo dv Shuvvrq dqg
Wdehoolql +4<<9, h{whqg wkh frqwudfw dssurdfk wr wkh lqwhuqdwlrqdo srolf| frrugl0
qdwlrq sureohpv wkdw dulvh zkhq fhqwudo edqnv idlo wr lqwhuqdol}h wkh lqwhuqdwlrqdo
h{whuqdolwlhv ri wkhlu prqhwdu| srolflhv1
PfFdooxp +4<<9, dqg rwkhuv kdyh dujxhg wkdw wkh frqwudfwlqj vroxwlrq pdnhv
olwwoh vhqvh/ ehfdxvh lw mxvw uhsodfhv rqh frpplwphqw sureohp zlwk dqrwkhu= zkr
hqirufhv wkh rswlpdo frqwudfwB Wklv txhvwlrq uhlqwurgxfhv wkh jhqhudo txhvwlrq
derxw lqvwlwxwlrqdo uhirupv udlvhg dw wkh ehjlqqlqj ri wklv vhfwlrq/ dowkrxjk lw
pljkw dsso| pruh irufhixoo| wr d pruh dpelwlrxv lqfhqwlyh vfkhph vxfk dv wkh
rswlpdo frqwudfw1 Dv lq wkh fdvh ri wkh ￿{hg0h{fkdqjh udwh uhjlphv ri vhfwlrq 714/
hqirufhphqw lv pruh olnho| li djhqwv kdyh khwhurjhqrxv h{ srvw ehqh￿wv ri lq dwlrq
dqg djhqwv kxuw e| lq dwlrq duh jlyhq d surplqhqw uroh lq wkh hqirufhphqw1 Lqwhu0
hvwlqjo|/ Idxvw +4<<9, dujxhv wkdw d ghvluh wr edodqfh uhglvwulexwlyh lqwhuhvwv iru
dqg djdlqvw vxusulvh lq dwlrq zdv d fohdu remhfwlyh lq wkh plqg ri wkh iudphuv ri wkh
Ihghudo Uhvhuyh1 Dv vwdwhg ehiruh/ zh dovr gr eholhyh wkdw fkdqjlqj lqvwlwxwlrqv
wdnhv wlph1 Wkh sxeolf lpdjh ri d srolf|pdnhu zkr hpskdwlfdoo| dqqrxqfhv dq
lq dwlrq wdujhw/ zrxog eh vhyhuho| wduqlvkhg/ li kh h{solflwo| dedqgrqhg lw vkruwo|
diwhuzdugv1 Wklv lv rqh ri wkh pdlq uhdvrqv zk| lq wkh uhdo zruog lq dwlrq wdujhwv
fdq dowhu wkh h{ srvw lqfhqwlyhv ri srolf|pdnhuv1 Wkh hpskdvlv ri wkh frqwudfwlqj
vroxwlrq rq dffrxqwdelolw| dqg wudqvsduhqf| lv khosixo iru wklqnlqj pruh fohduo|
derxw wkhvh lvvxhv/ dqg derxw wkh wudgh0r￿v wkdw hphujh li wkh uhzdug vfkhph
fdqqrw eh shuihfwo| wdloruhg wr plplf wkh rswlpdo frqwudfw1 Zh fdqqrw ghpdqg
pxfk pruh wkdq wkdw iurp vlpsoh wkhruhwlfdo prghov1 Exw zkhuh wkh olwhudwxuh
vkrxog jr qh{w lv suredeo| qrw wr rwkhu yduldwlrqv ri wkh remhfwlyh ixqfwlrq lq
wkh vlpsoh olqhdu0txdgudwlf sureohp1 Lqvwhdg lw zrxog eh ghvludeoh wr prgho wkh
68Lq wkh uhsxwdwlrqdo prgho ri Fxnlhupdq dqg Olyldwdq +4<<4,/ e| frqwudvw/ dqqrxqfhphqwv
pdwwhu ehfdxvh wkh| frqyh| lqirupdwlrq derxw wkh srolf|pdnhu*v w|sh1
78gl￿huhqw vwhsv dqg wkh lqfhqwlyhv lq wkh hqirufhphqw surfhgxuh dv d zhoo0gh￿qhg
h{whqvlyh0irup/ qrq0frrshudwlyh jdph1
7171 Qrwhv rq wkh olwhudwxuh
Wkh olwhudwxuh rq lqvwlwxwlrqv lq prqhwdu| srolf| kdv ehhq vxuyh|hg lq wh{werrn
irup e| Shuvvrq dqg Wdehoolql +4<<3,/ Fxnlhupdq +4<<5, dqg Vfkdolqj +4<<8,1
Wkh irupdo wkhruhwlfdo olwhudwxuh rq fhqwudo edqn lqghshqghqfh vwduwv zlwk Ur0
jr￿ +4<;8,/ zkrvh dqdo|vlv ri wkh frqvhuydwlyh fhqwudo edqnhu lv wkh edvlv ri wkh
prgho lq Vhfwlrq 716 dowkrxjk wkh wuhdwphqw ri vrflhw|*v sureohp dv d sulqflsdo0
djhqw sureohp lv vxjjhvwhg e| Eduur dqg Jrugrq +4<;6e, lq dq dqwlflsdwru| irrw0
qrwh1 Jldyd}}l dqg Sdjdqr +4<;;, glvfxvv wkh frpplwphqw delolw| lq pxowlodwhudo
￿{hg h{fkdqjh udwh uhjlphv/ dowkrxjk wkhlu dqdo|vlv lv fduulhg rxw lq d ulfkhu g|0
qdplf iudphzrun wkdq wkh vlpsoh prgho ri Vhfwlrq 7141 Iorrg dqg Lvdug +4<;<,
lqwurgxfhg wkh irupdo dqdo|vlv ri wkh uxohv zlwk hvfdsh fodxvhv1 Orkpdq +4<<5,
glvfxvvhg wkh lpsohphqwdwlrq ri dq hvfdsh fodxvh/ e| frvwo| jryhuqphqw ryhuulgh/
lq d prqhwdu| srolf| prgho wkdw dovr lqfoxghg ghohjdwlrq wr d Urjr￿0w|sh fhqwudo
edqnhu1 Revwihog +4<<9, dssolhg dq hvfdsh0fodxvh prgho lq klv dqdo|vlv ri uhdoljq0
phqwv zlwklq wkh HUP/ hpskdvl}lqj wkh srvvlelolw| ri pxowlsoh htxloleuld1 Erugr
dqg N|godqg +4<<8, dujxh wkdw wkh fodvvlfdo jrog vwdqgdug zrunhg olnh d uxoh zlwk
hvfdsh fodxvhv1 Iorrg dqg Pdulrq +4<<:, lqfoxghv dq lqvljkwixo glvfxvvlrq ri hv0
fdsh fodxvh prghov dqg vshfxodwlyh dwwdfnv1 Wkh rswlpdo frqwudfwlqj vroxwlrq wr
wkh fuhglelolw| sureohp/ lq Vhfwlrq 717/ zdv ghyhorshg e| Zdovk +4<<8d, dqg e|
Shuvvrq dqg Wdehoolql +4<<6,/ dqg zdv ixuwkhu h{whqghg e| Ehhwvpd dqg Mhqvhq
+4<<9, dqg e| Khuuhqgrui dqg Orfnzrrg +4<<:,1
Lqvljkwixo uhfhqw jhqhudo glvfxvvlrqv derxw wkh dssursuldwh lqvwlwxwlrqdo iudph0
zrun iru prqhwdu| srolf| fdq eh irxqg lq Ilvfkhu +4<<8,/ PfFdooxp +4<<9,/ Jrrg0
kduw dqg Ylqdov +4<<7,1 Fxnlhupdq dqg Olssl +4<<:, vwxg| wkhruhwlfdoo| dqg hp0
slulfdoo| krz wkh rswlpdo fhqwudo edqnlqj duudqjhphqw ydulhv zlwk wkh vwuxfwxuh
ri oderu pdunhwv1 Wkh hduo| uhdo0zruog h{shulhqfh zlwk lq dwlrq wdujhwlqj lv vxu0
yh|hg lq Ohlghupdq dqg Vyhqvvrq +4<<8,1 Pruh uhfhqw vxuyh|v lqfoxgh Kdogdqh
+4<<8,/ dqg Plvknlq dqg Srvhq +4<<9,1
D qxpehu ri vwxglhv￿lqfoxglqj Edgh dqg Sdunlq +4<;;,/ Dohvlqd +4<;;,/ Julool/
Pdvfldqgdur dqg Wdehoolql +4<<4,/ Fxnlhupdq +4<<5,/ dqg Hlm!qjhu dqg Vfkdo0
lqj +4<<6,￿kdyh ghyhorshg hpslulfdo phdvxuhv ri fhqwudo edqn lqghshqghqfh dqg
vwxglhg wkhlu uhodwlrq wr lq dwlrq dqg rwkhu pdfurhfrqrplf rxwfrphv lq d furvv0
vhfwlrq ri frxqwulhv gxulqj wkh odvw ihz ghfdghv1 Fdslh/ Ploov dqg Zrrg +4<<7,
79vwxg| klvwrulfdo hylghqfh rq lq dwlrq ehiruh dqg diwhu pdmru fhqwudo edqn uhirupv
lq wzhoyh frxqwulhv vlqfh wkh hqg ri wkh 4<wk fhqwxu|1 Mrqvvrq +4<<8e, xvhv srrohg
wlph0vhulhv dqg furvv0vhfwlrq gdwd iurp wkh RHFG frxqwulhv vlqfh wkh hduo| vl{0
wlhv dqg ￿qgv wkdw wkh qhjdwlyh uhodwlrq ehwzhhq fhqwudo edqn lqghshqghqfh dqg
lq dwlrq lv urexvw wr wkh frqwuro ri d qxpehu ri rwkhu lqvwlwxwlrqdo dqg hfrqrplf
yduldeohv1 Srvhq +4<<6, fulwlfl}hv wklv nlqg ri ￿qglqj dqg dujxhv wkdw lw lv fdxvhg
e| dq rplwwhg yduldeoh sureohp/ wkh fdxvdo yduldeoh iru erwk lqghshqghqfh dqg lq0
 dwlrq ehlqj wkh uhvlvwdqfh djdlqvw lq dwlrq lq wkh ￿qdqfldo frppxqlw|1 D vxuyh|
ri hpslulfdo vwxglhv lv irxqg lq Hlm!qjhu dqg gh Kddq +4<<9,1
Hdfk vxevhfwlrq deryh uhihuv wr dgglwlrqdo uhohydqw vwxglhv rq vshfl￿f wrslfv1
Sduw LL
Ilvfdo Srolf|
Wklv sduw ri wkh fkdswhu irfxvhv pdlqo| rq lqwhuwhpsrudo dvshfwv ri ￿vfdo srolf|/
vxfk dv jryhuqphqw ghew lvvxh dqg wd{dwlrq ri zhdowk1 D frpsdqlrq slhfh +Shuvvrq
dqg Wdehoolql +4<<:,, vxuyh|v wkh uhvhdufk rq vwdwlf ￿sxeolf ￿qdqfh￿ sureohpv1
Wkh pdlq vw|ol}hg idfwv uhjduglqj wkh lqwhuwhpsrudo dvshfwv ri srvw0zdu ￿vfdo
srolf| lq wkh lqgxvwuldol}hg frxqwulhv lqfoxgh=
+l, Wd{ udwhv rq fdslwdo ydu| frqvlghudeo| dfurvv frxqwulhv dqg  xfwx0
dwh ryhu wlph/ zlwk dq xszdug wuhqg1 Lq pdq| frxqwulhv/ hvwlpdwhv ri
h￿hfwlyh wd{ udwhv rq fdslwdo duh txlwh kljk dqg riwhq kljkhu wkdq wd{
udwhv rq frqvxpswlrq ru oderu1 69
+ll, Pdq| frxqwulhv kdyh dffxpxodwhg odujh ghewv/ hyhq lq shdfh wlph1
Iru prvw frxqwulhv/ ghew dffxpxodwlrq lq wkh srvw0zdu shulrg vwduwhg
lq wkh hduo| 4<:3v1 Wkh furvv0vhfwlrqdo sdwwhuq ri gh￿flwv lv idu iurp
krprjhqrxv> vrph frxqwulhv kdyh ehhq hqghplfdoo| lq gh￿flw dqg exlow
xs pdvvlyh ghewv/ zkhuhdv rwkhuv kdyh qrw16:
69Phqgr}d/ Plohvl Ihuuhwwl dqg Dvhd +4<<9,/ exloglqj rq hduolhu zrun e| Phqgr}d/ Ud}lq dqg
Whvdu +4<<7,/ frpsxwh h￿hfwlyh wd{ udwhv iru d vdpsoh ri 47 lqgxvwuldo frxqwulhv/ gxulqj wkhshulrg
4<980<41 Iru wkh prvw uhfhqw vl{0|hdu shulrg/ wkh dyhudjh fdslwdo wd{ udwh iru wkhvh frxqwulhv zdv
forvh wr 73(/ kljkhu wkdq erwk wkh dyhudjh oderu wd{ udwh dqg wkh dyhudjh frqvxpswlrq wd{ udwh1
Ixuwkhupruh/ wkh dyhudjh wd{ udwh rq fdslwdo zdv kljkhu wkdq wkdw rq oderu dqg frqvxpswlrq
gxulqj hyhu| ￿yh0|hdu shulrg vlqfh 4<98/ dqg nhsw ulvlqj ryhu wlph1
6:Vhh iru lqvwdqfh Hohphqgrui dqg Pdqnlz +wklv yroxph, dqg Dohvlqd dqg Shurwwl +4<<8e,1
7:+lll, Odujh gh￿flwv dqg ghewv kdyh ehhq pruh frpprq lq frxqwulhv
zlwk sursruwlrqdo udwkhu wkdq pdmrulwduldq dqg suhvlghqwldo hohfwrudo
v|vwhpv/ lq frxqwulhv zlwk frdolwlrq jryhuqphqwv dqg iuhtxhqw jryhuq0
phqw wxuqryhuv/ dqg lq frxqwulhv zlwk ohqlhqw udwkhu wkdq vwulqjhqw
jryhuqphqw exgjhw surfhvvhv16;
Lw lv gl!fxow wr dffrxqw iru wkhvh uhjxodulwlhv e| wkh wkhru| ri rswlpdo wd{dwlrq
ru/ pruh jhqhudoo|/ dq| wkhru| wkdw dvvxphv srolf| wr eh vhw e| d ehqhyrohqw
vrfldo sodqqhu1 Dffruglqj wr Fkdpoh| +4<;9,/ wkh rswlpdo fdslwdo wd{ vkrxog
ghfolqh ryhu wlph/ dv|pswrwlfdoo| dssurdfklqj }hur/ dv wkh orqj0uxq hodvwlflw| ri
lqyhvwphqw lv yhu| kljk frpsduhg wr wkdw ri rwkhu wd{ edvhv1 Vlploduo|/ Eduur*v
+4<:<, wd{0vprrwklqj prgho ri gh￿flwv fdq vxffhvvixoo| h{sodlq zdu0wlph gh￿flwv/
exw qrw wkh shuvlvwhqw dffxpxodwlrq ri ghew wkdw kdv rffxuuhg lq pdq| lqgxvwuldo
frxqwulhv vlqfh wkh 4<:3v1 Pruhryhu/ wkh fruuhodwlrqv ehwzhhq srolflhv dqg srolwlfdo
lqvwlwxwlrqv vxjjhvw wkdw srolwlfdo dqg lqvwlwxwlrqdo idfwruv sod| dq lpsruwdqw uroh
lq vkdslqj ￿vfdo srolf|1
Lq wklv vhfrqg sduw ri wkh fkdswhu/ zh vxuyh| vrph uhfhqw olwhudwxuh wkdw vshdnv
wr wkhvh vw|ol}hg idfwv rq wkh edvlv ri srvlwlyh prghov ri ￿vfdo srolf|1 Dv lq
prqhwdu| srolf|/ wkhvh uhfhqw frqwulexwlrqv wu| wr h{sodlq ghsduwxuhv iurp vrfldoo|
rswlpdo rxwfrphv e| ydulrxv lqfhqwlyh frqvwudlqwv lq wkh srolf| irupdwlrq surfhvv1
Lq vhfwlrq 8 zh glvfxvv fuhglelolw| djdlq/ devwudfwlqj iurp srolwlfv dqg lqglylgxdo
khwhurjhqhlw|1 Vhfwlrq 9 zh dgg srolwlfv wr rxu edvlf prgho ri ￿vfdo srolf| dqg
glvfxvv dowhuqdwlyh h{sodqdwlrqv iru odujh jryhuqphqw eruurzlqj1
81 Fuhglelolw| ri Ilvfdo Srolf|
Zh ￿uvw glvfxvv wkh h{ srvw lqfhqwlyh frpsdwlelolw| frqvwudlqwv wkdw lpso| d odfn
ri fuhglelolw| iru ghvludeoh wd{ srolflhv1 Pdq| lqvljkwv sdudooho wkrvh lq prqhwdu|
srolf|1 Exw e| dgglqj plfurhfrqrplf irxqgdwlrqv/ zh fdq qrz pdnh pruh phdq0
lqjixo zhoiduh vwdwhphqwv1 Dqg e| dgglqj dq h{solflwo| g|qdplf vhwwlqj/ zh fdq
lqyhvwljdwh krz vwdwh yduldeohv olqn srolf| ghflvlrqv ryhu wlph1 Dv lq prqhwdu|
srolf|/ vhtxhqwldo +ru glvfuhwlrqdu|, ghflvlrq0pdnlqj dqg d odfn ri srolf| lqvwux0
phqwv pd| lpso| wkdw wkh jryhuqphqw odfnv fuhglelolw| dqg orvhv frqwuro ri sulydwh
vhfwru h{shfwdwlrqv1 Wkh hfrqrp| jhwv wudsshg lq d wklug0ehvw htxloleulxp/ zkhuh
wkh jryhuqphqw uholhv h{fhvvlyho| rq d kljko| glvwruwlqj srolf| lqvwuxphqw1 Wkh
6;Vhh yrq Kdjhq dqg Kdughq +4<<7,/ Dohvlqd dqg Shurwwl +4<<8e,/ Julool/ Pdvfldqgdur dqg
Wdehoolql +4<<4,/ Urxelql dqg Vdfkv +4<;<,1
7;prvw reylrxv h{dpsoh lv wkh ￿fdslwdo ohy| sureohp￿1 Exw fuhglelolw| sureohpv duh
qrw frq￿qhg wr fdslwdo wd{dwlrq= wkh| duh wkh qrup udwkhu wkdq wkh h{fhswlrq
lq d g|qdplf hfrqrp|1 Wkhvh lvvxh duh glvfxvvhg lq Vxevhfwrq 8141 Vxevhfwlrq
815 wuhdwv dqrwkhu frqvhtxhqfh ri odfn ri fuhglelolw|= wkh srvvlelolw| ri pxowlsoh
htxloleuld dqg frq￿ghqfh fulvhv/ ihdwxuhv riwhq revhuyhg lq frxqwulhv zlwk kljk
sxeolf ghewv1 Lq d g|qdplf hfrqrp| fxuuhqw srolf| fuhglelolw| ghshqgv rq suh0
ylrxv srolf| ghflvlrqv> iru lqvwdqfh/ lw ghshqgv rq wkh vl}h dqg ghqrplqdwlrq ri
wkh rxwvwdqglqj sxeolf ghew> wklv qhz glphqvlrq lv glvfxvvhg lq vxevhfwlrq 8161
Ilqdoo|/ dv lq prqhwdu| srolf|/ uhsxwdwlrq fdq plwljdwh wkh dgyhuvh h￿hfwv ri wkh
h{ srvw lqfhqwlyh frqvwudlqw dqg lqvwlwxwlrqv fdq eh ghvljqhg wr uhod{ lw1 Wkhvh
uhphglhv duh eulh | glvfxvvhg lq Vxevhfwlrq 8171
8141 Wkh Fdslwdo Ohy| Sureohp
Dffruglqj wr wkh vwdqgdug wkhru| ri rswlpdo wd{dwlrq/ fdslwdo vkrxog eh wd{hg dw
d pxfk orzhu udwh wkdq oderu ru frqvxpswlrq1 Pruhryhu/ wkh wd{ udwh rq fdslwdo
lqfrph vkrxog jhqhudoo| ghfuhdvh ryhu wlph dqg dssurdfk }hur dv|pswrwlfdoo|1
Wkh uhdvrq lv wkdw wkh hodvwlflw| ri lqyhvwphqw whqgv wr eh kljkhu wkdq wkrvh ri
oderu vxsso| dqg frqvxpswlrq/ dqg lw lv hyhq kljkhu ryhu orqjhu krul}rqv/ dv wkhuh
duh pruh rssruwxqlwlhv iru lqwhuwhpsrudo vxevwlwxwlrq1 Wklv suhvfulswlrq vkduso|
frqwudvwv zlwk vw|ol}hg idfw +l, deryh1 Odfn ri fuhglelolw| r￿huv d uhdvrq zk| hyhq
d ehqhyrohqw jryhuqphqw fdq hqg xs zlwk vxfk d vxerswlpdo wd{ vwuxfwxuh16<
Wkh Prgho Frqvlghu d wzr shulrg forvhg hfrqrp|/ w @4/5/ zlwk rqh vwrudeoh
frpprglw|1 D uhsuhvhqwdwlyh frqvxphu kdv suhihuhqfhv gh￿qhg ryhu frqvxpswlrq
lq erwk shulrgv/ S|/ dqg ohlvxuh lq wkh vhfrqg shulrg/ %/ uhsuhvhqwhg e|=
￿ ’ LES￿￿nS 2nTE % ￿ ￿ +814,
Lq wkh ￿uvw shulrg/ wkh frqvxphu hlwkhu frqvxphv klv h{rjhqrxv dqg xqwd{hg
hqgrzphqw/ e/ ru lqyhvwv d qrq0qhjdwlyh dprxqw lq d olqhdu vwrudjh whfkqrorj|
zlwk xqlwdu| jurvv uhwxuqv1 Lq wkh vhfrqg shulrg/ kh ghyrwhv klv xqlwdu| wlph
hqgrzphqw wr oderu ,c ru ohlvxuh wlph %/ dqg frqvxphv doo klv lqfrph dqg zhdowk
diwhu kdylqj sdlg wd{hv1 Klv exgjhw frqvwudlqwv duh=
S￿ n & ’ e +815,
6<Wkh qh{w wzr vxevhfwlrqv gudz rq Shuvvrq dqg Wdehoolql +4<<3/ fk1 9,1
7<S2 ’ E￿ ￿ w￿& nE ￿￿￿￿ ,c +816,
zkhuh & lv wkh lqyhvwphqw lq wkh vwrudjh whfkqrorj|/ w dqg ￿ duh wkh fdslwdo dqg
oderu lqfrph wd{ udwhv/ dqg wkh uhdo zdjh lv xqlw|1
Ilqdoo|/ wkh jryhuqphqw pxvw ￿qdqfh d jlyhq dprxqw ri vhfrqg shulrg shu0
fdslwd sxeolf frqvxpswlrq/ }￿ Wkxv/ wkh jryhuqphqw exgjhw frqvwudlqw lv=
} ’ ￿,nw&￿ +817,
Wd{hv duh rqo| sdlg lq wkh vhfrqg shulrg dqg oxps0vxp +l1h1 qrq0glvwruwlqj,
wd{hv duh qrw dydlodeoh1 Zh iroorz wkh sxeolf0￿qdqfh wudglwlrq ri wuhdwlqj wkh vhw
ri dydlodeoh Udpvh| wd{hv dv h{rjhqrxv> exw xowlpdwho|/ wkh qrq0dydlodelolw| ri
+shuvrqdol}hg, oxps0vxp wd{hv pxvw eh gxh wr vrph khwhurjhqhlw| wkdw fdq rqo|
eh lpshuihfwo| revhuyhg e| wkh jryhuqphqw1 Zkdw lv wkh rswlpdo wd{ vwuxfwxuh lq
wklv hfrqrp|B Dqg zkdw lv wkh htxloleulxp wd{ vwuxfwxuh li wkh jryhuqphqw odfnv
fuhglelolw|B Zh dgguhvv erwk txhvwlrqv lq wxuq1
Wkh H{ Dqwh Rswlpdo Srolf| Wr ghulyh d qrupdwlyh ehqfkpdun/ zh dvvxph
wkdw dw wkh vwduw ri shulrg ￿￿ehiruh dq| sulydwh ghflvlrq lv pdgh￿wkh jryhuqphqw
frpplwv wr d wd{ vwuxfwxuh +wc￿, iru wkh shulrg 2￿ Wkh ghflvlrq lv revhuyhg e|
wkh sulydwh vhfwru/ dqg fdqqrw eh fkdqjhg1 Wkhuh lv qr xqfhuwdlqw|/ dqg shulrg 5
sxeolf frqvxpswlrq/ }/ lv nqrzq douhdg| lq shulrg 41
Zh ￿uvw ghvfuleh krz wkh sulydwh vhfwru uhvsrqgv wr wkh wd{ udwhv1 Wkh sulydwh
vhfwru ￿uvw0rughu frqglwlrqv duh=
LSEe ￿ &￿ ￿ ￿ ￿ w( T%E￿ ￿ ,￿’￿￿￿c +818,
zkhuh wkh htxdolw| lq wkh ￿uvw frqglwlrq dssolhv dw dq lqwhulru rswlpxp zlwk srvl0
wlyh lqyhvwphqw1 Hdfk wd{ udwh wkxv gulyhv d zhgjh ehwzhhq wkh uhohydqw pdujlqdo
udwhv ri wudqvirupdwlrq dqg vxevwlwxwlrq1 Rswlpdo srolf| vhhnv wr plqlpl}h wkh
uhvxowlqj glvwruwlrqv1 Lqyhuwlqj wkhvh wzr h{suhvvlrqv/ zh rewdlq wkh sulydwh vhfwru
vdylqjv ixqfwlrq & ’ ￿@%dfcgE￿ ￿ w￿oc zkhuh gE￿ ￿ w￿ ￿ e ￿ L3￿
S E￿ ￿ w￿c dqg
oderu vxsso| ixqfwlrq , ’ uE￿ ￿ ￿￿ ￿ ￿ ￿ T 3￿
% E￿ ￿ ￿￿￿ Wkh sduwldo ghulydwlyhv gw
dqg u￿ duh erwk qhjdwlyh1 E| wkh vhsdudelolw| dqg txdvl0olqhdulw| ri wkh xwlolw|
ixqfwlrq/ hdfk wd{ edvh ghshqgv rq lwv rzq wd{ udwh rqo|1 Iru ixwxuh uhihuhqfh/ lw
lv xvhixo wr gh￿qh wkh hodvwlflwlhv ri wkhvh wzr wd{ edvhv zlwk uhvshfw wr wkhlu rzq
qhw ri wd{ uhwxuqv/ dv 0&Ew￿c0 ,E￿￿/ uhvshfwlyho| 731
73Wkhvh hodvwlflwlhv duh/ uhvshfwlyho|=
83Wkh rswlpdo wd{ vwuxfwxuh pd{lpl}hv frqvxphu zhoiduh/ vxemhfw wr wkh sulydwh
vhfwru dqg jryhuqphqw exgjhw frqvwudlqw/ +815,0 +817,/ dqg wkh sulydwh vhfwru ￿uvw0
rughu frqglwlrqv/ +818,1 Vroylqj wklv rswlpl}dwlrq sureohp |lhogv wkh iroorzlqj






0 ,E ￿￿ ￿ +819,
Htxdwlrq +819, lpsolflwo| gh￿qhv wkh h{ dqwh rswlpdo wd{ vwuxfwxuh1 Zkdw duh lwv
jhqhudo surshuwlhvB Iluvw/ rswlpdo wd{ udwhv duh kljkhu rq wkh pruh lqhodvwlf wd{
edvh1 Vhfrqg/ lw lv dozd|v rswlpdo wr wd{ erwk edvhv/ dv orqj dv erwk hodvwlflwlhv
duh ￿qlwh dqg vwulfwo| srvlwlyh1 Ilqdoo|/ erwk wd{ udwhv pryh lq wkh vdph gluhfwlrq
li wkh uhyhqxh uhtxluhphqwv fkdqjh> kljkhu sxeolf frqvxpswlrq gulyhv xs erwk wd{
udwhv/ lq sursruwlrq wr wkhlu hodvwlflwlhv1 Li/ dv hpslulfdoo| sodxvleoh/ oderu vxsso|
lv pxfk pruh lqhodvwlf wkdq lqyhvwphqw/ wkh rswlpdo wd{ udwh rq oderu lv pxfk
kljkhu wkdq wkdw rq fdslwdo1 Dv wd{hv duh glvwruwlqj/ wkh hfrqrp| uhdfkhv d vhfrqg
ehvw￿qrw d ￿uvw ehvw1
Htxloleulxp xqghu Glvfuhwlrq Vxssrvh lqvwhdg wkdw wkh srolf| ghflvlrq lv
wdnhq dw wkh vwduw ri shulrg 5/ diwhu shulrg 4 lqyhvwphqw ghflvlrqv kdyh ehhq
pdgh1 Wklv wlplqj lv pxfk pruh sodxvleoh/ dv d vryhuhljq frxqwu| fdq fkdqjh
lwv wd{ vwuxfwxuh dw dq| wlph/ xqghu d qrupdo ohjlvodwlyh surfhgxuh1 Xqghu wklv
wlplqj/ krzhyhu/ hyhu| wd{ vwuxfwxuh surplvhg lq shulrg 4 lv qrw fuhgleoh1 D
fuhgleoh wd{ vwuxfwxuh pxvw eh rswlpdo h{ srvw> iurp wkh ydqwdjh srlqw ri shulrg
51 Pruh suhflvho|/ d fuhgleoh htxloleulxp wd{ vwuxfwxuh vdwlv￿hv wkuhh uhtxluhphqwv1
+l, Lqglylgxdo hfrqrplf ghflvlrqv duh rswlpdo/ jlyhq wkh h{shfwhg srolflhv dqg wkh
ghflvlrqv ri doo rwkhu lqglylgxdov lq wkh hfrqrp|1 +ll, Wkh wd{ vwuxfwxuh lv h{ srvw
rswlpdo/ jlyhq rxwvwdqglqj djjuhjdwh fdslwdo dqg lqglylgxdo htxloleulxp uhvsrqvhv
wr wkh wd{ vwuxfwxuh1 +lll, Lqglylgxdo h{shfwdwlrqv duh ixo￿oohg dqg pdunhwv fohdu



















74Vhh Shuvvrq dqg Wdehoolql +4<<3/ fk19,/ iru d ghulydwlrq1
84+l, Rswlpdo lqglylgxdo ehkdylru lv vwloo vxppdul}hg e| wkh ixqfwlrqv g dqg
u dqg e| wkh fruuhvsrqglqj hodvwlflwlhv1 Exw wkh lqyhvwphqw ixqfwlrq dqg wkh
fruuhvsrqglqj hodvwlflw| duh qrz gh￿qhg ryhu wkh h{shfwhg/ qrw wkh dfwxdo/ fdslwdo
wd{ udwh/ dv wkh wd{ vwuxfwxuh lv ghflghg lq shulrg 5/ diwhu wkh lqyhvwphqw ghflvlrq1
Wkxv/ & ’ gE￿ ￿ w
e￿ dqg 0&Ew
e￿￿ Zh fdoo wklv hodvwlflw| wkh h{ dqwh hodvwlflw| ri
lqyhvwphqw/ vlqfh lw lv gh￿qhg ryhu w
e udwkhu wkdq w￿
+ll, Wkh h{ srvw rswlpdo wd{ vwuxfwxuh dovr frqwlqxhv wr eh ghvfulehg e| wkh
Udpvh| Uxoh/ +819,/ exw zlwk rqh lpsruwdqw surylvr1 Wkh lqyhvwphqw hodvwlflw|
wkdw hqwhuv htxdwlrq +819, lv wkh h{ srvw hodvwlflw|/ wkdw lv wkh hodvwlflw| zlwk uhvshfw
wr wkh dfwxdo wd{ udwh w/ vlqfh wkdw lv zkdw wkh jryhuqphqw lv fkrrvlqj1 E| wkh
dujxphqw dw srlqw +l,/ wklv h{ srvw hodvwlflw| lv }hur= & ghshqgv rq w
ec qrw rq w￿
Htxdwlrq +819, wkhq lpsolhv wkdw iru dq| jlyhq fdslwdo vwrfn & wkh h{ srvw rswlpdo
fdslwdo wd{ udwh/ w
W/ pxvw vdwlvi|=
w
W ’ ￿￿?d￿c}*&o￿ +81:,
Wkh rswlpdo oderu wd{ udwh ￿ iroorzv iurp wkh jryhuqphqw exgjhw frqvwudlqw1 Lq
sduwlfxodu/ ￿ ’fli w
W ’ }*& ￿ ￿￿ Wklv uhvxow lv yhu| lqwxlwlyh1 Zkhq wd{ srolf| lv
fkrvhq/ wkh vxsso| ri fdslwdo lv frpsohwho| lqhodvwlf dw & / zkhuhdv wkh vxsso| ri
oderu frqwlqxhv wr kdyh d srvlwlyh hodvwlflw|/ dv lw lv fkrvhq e| wkh sulydwh vhfwru
diwhu revhuylqj wd{ srolf|1 Khqfh/ wkh jryhuqphqw ￿qgv lw h{ srvw rswlpdo wr vhw
hlwkhu d ixoo| h{sursuldwlqj fdslwdo wd{ udwh ri 4/ ru d wd{ udwh vx!flhqwo| kljk wr
￿qdqfh doo ri sxeolf frqvxpswlrq zlwk fdslwdo wd{hv/ gulylqj oderu wd{hv wr 31
+lll, Udwlrqdo lqglylgxdov fruuhfwo| dqwlflsdwh jryhuqphqw srolf|1 Khqfh/ w
e ’
w
W dqg & ’ gE￿ ￿ w
W￿￿ Frpelqlqj wklv odvw uhvxow zlwk +81:,/ wkh htxloleulxp wd{
udwh lv gh￿qhg e|= w
W ’ ￿￿?d￿c}*gE￿ ￿ w
W￿o￿
Zh looxvwudwh wkh srvvleoh htxloleuld lq Iljxuh 41 Wkh vrolg fxuyh lv wkh h{ dqwh
uhyhqxh ixqfwlrq iru gl￿huhqw ydoxhv ri w￿ Wd{ uhyhqxhv ￿uvw jurz zlwk wkh wd{
udwh/ exw dw d ghfuhdvlqj udwh/ vlqfh wkh wd{ edvh vkulqnv dv w ulvhv1 Rqfh zh uhdfk
wkh ￿wrs ri wkh Od￿hu Fxuyh￿/ wd{ uhyhqxh ehjlqv wr vkulqn/ dv wkh uhgxfwlrq lq
wkh wd{ edvh pruh wkdq r￿vhwv wkh kljkhu wd{ udwh1
Li } lv vx!flhqwo| kljk +kljkhu wkdq srlqw C , rqo| rqh htxloleulxp h{lvwv/
lq zklfk w
W @ 4 dqg & @ 3 +srlqw F lq wkh gldjudp,1 Luuhvshfwlyh ri sulydwh
h{shfwdwlrqv/ wkh jryhuqphqw ixoo| h{sursuldwhv dq| rxwvwdqglqj fdslwdo vwrfn1
Dqwlflsdwlqj wklv/ qrerg| lqyhvwv1 Lw lv hdv| wr yhuli| wkdw doo wkuhh uhtxluhphqwv
iru dq htxloleulxp duh ixo￿oohg1 Sulydwh lqglylgxdov rswlpl}h dqg kdyh fruuhfw
h{shfwdwlrqv derxw srolf|1 Dqg wkh jryhuqphqw dovr rswlpl}hv/ iru hyhq zlwk
qr fdslwdo rxwvwdqglqj/ w ’￿lv +zhdno|, rswlpdo/ dv frq￿uphg e| +81:,1 Wklv
85htxloleulxp lv glvdvwurxv= wkhuh lv d surklelwlyh wd{ rq fdslwdo/ exw vwloo d odujh
wd{ rq oderu zklfk lv wkh rqo| dydlodeoh wd{ edvh1 \hw/ wkh jryhuqphqw fdq gr
qrwklqj wr fkdqjh wkh rxwfrph1 Qr surplvh wr wd{ fdslwdo dw d udwh orzhu wkdq
4 zrxog eh eholhyhg/ ehfdxvh lw zrxog qrw eh h{ srvw rswlpdo iru wkh jryhuqphqw
wr ixo￿oo lw1
Li } lv ehorz srlqw C lq Iljxuh 4/ wklv glvdvwurxv rxwfrph frqwlqxhv wr h{lvw wr0
jhwkhu zlwk wzr rwkhu htxloleuld1 Vxssrvh wkdw jryhuqphqw vshqglqj fruuhvsrqgv
wr wkh krul}rqwdo olqh lq Iljxuh 41 Wkhq srlqwv ￿ dqg ￿ duh dovr htxloleulxp
rxwfrphv1 Dw srlqw ￿/ hyhu| frqvxphu h{shfwv w
e ’ w
￿ dqg lqyhvwv gE￿ ￿ w
￿￿1
Khqfh/ wkh jryhuqphqw fdq mxvw ￿qdqfh } e| vhwwlqj w h{dfwo| dw w
￿/ zkloh nhhslqj
wkh oderu wd{ htxdo wr 31 Wkxv/ wkh jryhuqphqw lv dw dq h{ srvw rswlpxp1 Wkh
vdph dujxphqw hvwdeolvkhv wkdw srlqw ￿ lv dovr dq htxloleulxp1
Wkhvh htxloleuld duh fohduo| Sduhwr udqnhg= ￿ lv ehwwhu wkdq ￿ zklfk lv ehwwhu
wkdq ￿￿ Wkh| duh doo zruvh wkdq wkh h{ dqwh rswlpdo wd{ vwuxfwxuh/ vlqfh wkh|
wd{ fdslwdo wrr khdylo| dqg oderu wrr oljkwo| +h{fhsw dw srlqw ￿ zkhuh erwk edvhv
duh wd{hg wrr khdylo|,1 Li wkh jryhuqphqw lv xqdeoh wr frpplw/ wkh hfrqrp| lv
wudsshg lq d wklug ehvw/ ru zruvh/ doorfdwlrq1
H{whqvlrqv Uhvxowv vlplodu wr wkrvh deryh/ dsso| wr wkh wd{dwlrq ri rwkhu irupv
ri zhdowk/ lq sduwlfxodu wr sxeolf ghew dqg uhdo prqh| edodqfhv> lq wkh fdvh ri
prqh|/ qdwxudoo|/ wkh wd{ wdnhv wkh irup ri lq dwlrq1 Wkh orjlf lv dozd|v wkh
vdph1 Rqfh dq lqyhvwphqw ghflvlrq kdv ehhq pdgh/ wkh wd{ edvh lv ￿{hg dqg lw
ehfrphv h{ srvw rswlpdo wr wd{ lw dv pxfk dv qhhghg/ ru dv pxfk dv srvvleoh1
Pruhryhu/ fuhglelolw| sureohpv duh qrw frq￿qhg wr zhdowk wd{hv/ exw duh jhqhulf
lq d g|qdplf hfrqrp| zlwk vhtxhqwldo srolf| ghflvlrqv1 Wkh uhdvrq lv wkdw wkh h{
srvw dqg h{ dqwh hodvwlflw| ri wd{ edvhv jhqhudoo| gl￿hu iurp hdfk rwkhu1 Lq jhqhudo
wklv gl￿huhqfh lv qrw dv vwdun dv zlwk zhdowk wd{hv/ zkhuh wkh h{ srvw hodvwlflw| lv
}hur1 Lq wkh fdvh ri rwkhu wd{ edvhv wkdq zhdowk/ zh fdq qr orqjhu frqfoxgh wkdw
wkh rswlpdo wd{ udwh lv dozd|v kljkhu h{ srvw wkdq h{ dqwh1 Wr jdlq vrph lqwxlwlrq
iru zk|/ frqvlghu dq lqfuhdvh lq d oderu wd{ udwh lq d jlyhq shulrg w1 Li wkh wd{
lqfuhdvh lv xqdqwlflsdwhg/ wkh krxvhkrog vxevwlwxwhv iurp oderu lqwr ohlvxuh lq wkh
fxuuhqw shulrg1 Exw li wkh wd{ lqfuhdvh zdv dqwlflsdwhg lq shulrg | ￿ ￿/ vrph
lqwhuwhpsrudo vxevwlwxwlrq kdv douhdg| wdnhq sodfh= wkh krxvhkrog zrunv ohvv lq
shulrg |c exw kdv douhdg| zrunhg pruh lq shulrg | ￿ ￿￿ Zh fdqqrw jhqhudoo| whoo
zkhwkhu dq dqwlflsdwhg ru dq xqdqwlflsdwhg wd{ klnh lv pruh glvwruwlqj/ krzhyhu1
Lqwhuwhpsrudo vxevwlwxwlrq lqfuhdvhv wkh glvwruwlrq dw wlph w/ wkh shulrg ri kljkhu
wd{hv/ dv wkh wd{ edvh lv pruh hodvwlf1 Exw wklv juhdwhu glvwruwlrq lv r￿vhw e| d
86odujhu wd{ edvh lq shulrg |￿￿c zkhq wkh krxvhkrog lv zrunlqj pruh lq dqwlflsdwlrq
ri kljkhu ixwxuh wd{hv1 Lq jhqhudo/ wkhuhiruh/ zh fdq vd| wkdw rswlpdo wd{ udwhv
duh gl￿huhqw/ exw qrw zkhwkhu wkh| duh kljkhu h{ dqwh ru h{ srvw175
Zh forvh wklv glvfxvvlrq zlwk wzr uhpdunv1 Iluvw/ fkdudfwhul}lqj wkh htxl0
oleulxp zlwk vhtxhqwldo jryhuqphqw ghflvlrqv lv uhodwlyho| hdv| lq d wzr0shulrg
hfrqrp|/ dqg grdeoh lq d ￿qlwh0krul}rq hfrqrp|1 Exw lw ehfrphv yhu| gl!fxow
lq dq lq￿qlwh krul}rq hfrqrp|176 Vhfrqg/ vr idu zh kdyh frqvlghuhg d uhsuhvhqwd0
wlyh frqvxphu hfrqrp| lq zklfk wkh jryhuqphqw odfnv d qrq glvwruwlqj wd{ dqg
kdv lqfhqwlyhv wr udlvh uhyhqxhv lq ohvv glvwruwlqj zd|v1 Oxps0vxp wd{dwlrq pd|/
krzhyhu/ qrw eh hqrxjk wr dyrlg odfn ri fuhglelolw|1 Li wkh jryhuqphqw dovr kdv glv0
wulexwlyh jrdov/ exw qrw hqrxjk oxps0vxp wd{hv dqg wudqvihuv wr uhdfk lwv ghvluhg
lqfrph glvwulexwlrq/ wkh rswlpdo wd{ srolf| pd| vwloo odfn fuhglelolw| ghvslwh wkh
dydlodelolw| ri +qrq0shuvrqdol}hg, oxps0vxp wd{dwlrq1 Zkdw pdwwhuv xowlpdwho| lv
wkxv d vfduflw| ri srolf| lqvwuxphqwv uhodwlyh wr remhfwlyhv1
8151 Pxowlsoh Htxloleuld dqg Frq￿ghqfh Fulvhv
Zkhq glvfxvvlqj uhsxwdwlrqdo htxloleuld lq prqhwdu| srolf|/ zh dujxhg wkdw pxo0
wlsoh htxloleuld lqglfdwhg dq lqfrpsohwh wkhru|1 Khuh/ pxowlsolflw| ri htxloleuld
lqvwhdg uh hfwv dq lqghwhuplqdf| lq wkh hfrqrp|/ dqg khosv h{sodlq wkh rffxu0
uhqfh ri vxgghq vshfxodwlyh dwwdfnv ru fdslwdo  ljkwv wkdw kdyh sodjxhg pdq|
hfrqrplhv1 Devhqw d frpplwphqw whfkqrorj|/ srolf| lv gulyhq e| sulydwh h{shfwd0
wlrqv udwkhu wkdq wkh rwkhu zd| durxqg1 Htxloleuld xqghu glvfuhwlrq wkxv ehfrph
lqwulqvlfdoo| iudjloh/ dv lqyhvwruv idfh d gl!fxow frruglqdwlrq sureohp1 Wkh h{ srvw
rswlpdo srolf| ghshqgv rq djjuhjdwh lqyhvwphqw1 Exw djjuhjdwh lqyhvwphqw gh0
shqgv rq wkh vlpxowdqhrxv ghflvlrqv ri pdq| dwrplvwlf lqglylgxdov/ zklfk lq wxuq
ghshqg rq h{shfwdwlrqv derxw srolf|1 Wkxv/ wkhuh lv d vwudwhjlf frpsohphqwdulw|1
D vlqjoh lqyhvwru h{shfwlqj qrerg| hovh wr lqyhvw dovr ￿qgv lw rswlpdo qrw wr lq0
yhvw= kh uhdol}hv wkdw djjuhjdwh fdslwdo zloo eh vpdoo/ dqg khqfh ixoo h{sursuldwlrq
lv lqhylwdeoh1 Wkxv/ lqglylgxdo h{shfwdwlrqv duh vhoi0ixo￿oolqj dqg/ dv wkh| duh qrw
qdlohg grzq e| dq| hfrqrplf ixqgdphqwdov/ fdq  xfwxdwh zlgho|1 Wkh uhvxowlqj
srolf| xqfhuwdlqw| lv |hw dqrwkhu gudzedfn ri d glvfuhwlrqdu| srolf| hqylurqphqw1
Wkhvh sureohpv dulvh lq pdq| srolf| ghflvlrqv1 Frqvlghu sxeolf0ghew uhsd|0
phqw lq d wzr0shulrg hfrqrp|/ dqg vxssrvh wkdw lq wkh vhfrqg shulrg ghew fdq eh
sduwldoo| ghidxowhg ru wd{hg dzd|/ dw d frvw sursruwlrqdo wr wkh vl}h ri wkh ghidxow1
75Iru d ixuwkhu glvfxvvlrq/ vhh Shuvvrq dqg Wdehoolql +4<<3/ fk1;,1
76Vhh dovr wkh vxuyh| e| Nuxvhoo/ Txdgulql dqg Ulrv Uxoo +4<<7,1
87Fdoyr +4<;;, vkrzv wkdw zh wkhq jhw pxowlsoh htxloleuld1 Lq d jrrg htxloleulxp/
hyhu| lqyhvwru h{shfwv wkh ghew wr eh ixoo| uhsdlg dqg ghpdqgv d orz lqwhuhvw udwh1
Wr dyrlg wkh frvw ri ghidxow/ wkh jryhuqphqw lqghhg vhuylfhv wkh rxwvwdqglqj ghew1
Lq d edg htxloleulxp/ hyhu| lqyhvwru h{shfwv sduwldo ghidxow dqg ghpdqgv d kljkhu
lqwhuhvw udwh1 Wkh frvw ri vhuylflqj wklv ghew lv qrz kljkhu/ dqg zlwk glvwruwlqj
wd{hv wkh jryhuqphqw suhihuv d sduwldo ghidxow> khqfh/ ghidxow h{shfwdwlrqv duh
vhoi0ixo￿oolqj1 Wkh htxloleulxp zlwk ghidxow lv Sduhwr lqihulru/ dv wkh qhw dprxqw
vhuylfhg lv wkh vdph/ exw ghidxow frvwv duh eruqh1
Dqrwkhu h{dpsoh/ vwxglhg e| Yhodvfr +4<<7, dqg Jldyd}}l dqg Sdjdqr +4<<3,/
frqfhuqv h{fkdqjh0udwh fulvhv lq d kljk sxeolf ghew hfrqrp|1 E| dvvxpswlrq/ wkh
frvw ri rxwuljkw ghidxow lv surklelwlyh/ exw wkh rxwvwdqglqj ghew frxog eh prqhwl}hg
dzd|1 Lq d jrrg htxloleulxp/ lqyhvwruv h{shfw wkh h{fkdqjh udwh shj wr eh yldeoh
dqg wkh grphvwlf lqwhuhvw udwh htxdov wkh iruhljq lqwhuhvw udwh> dw wklv orz lqwhuhvw
udwh/ lw lv rswlpdo wr vhuylfh wkh rxwvwdqglqj sxeolf ghew e| wd{ uhyhqxh dorqh1 Lq
d edg htxloleulxp/ lqyhvwruv h{shfw wkh shj wr froodsvh1 Wkh| ghpdqg d kljkhu
lqwhuhvw udwh/ zklfk udlvhv wkh frvw ri vhuylflqj wkh ghew wkurxjk wd{ uhyhqxh> dw
wkh kljkhu lqwhuhvw udwh/ lw ehfrphv rswlpdo wr ixo￿oo wkh h{shfwdwlrqv/ wkh shj lv
dedqgrqhg dqg wkh ghew lv sduwldoo| prqhwl}hg wkurxjk kljkhu lq dwlrq177
Uhodwhg frruglqdwlrq sureohpv dulvh lq re^￿e?|￿@, +dv rssrvhg wr vlpxowd0
qhrxv, lqyhvwphqw ghflvlrqv1 Dohvlqd/ Sudwl dqg Wdehoolql +4<<3, dqg Froh dqg
Nhkrh +4<<9d/e, vwxg| dq lq￿qlwh krul}rq hfrqrp| zlwk d odujh sxeolf ghew1 Olnh
lq Fdoyr +4<;;,/ ghidxow lv frvwo|/ exw wkh frvw lv dvvxphg wr eh d oxps vxp frvw1
Lq wkh jrrg htxloleulxp/ wkh ghew lv uroohg ryhu iruhyhu dw orz lqwhuhvw udwhv/ dqg
glvwruwlqj wd{hv duh udlvhg wr sd| lqwhuhvw rq wkh ghew1 Lq wkh edg htxloleulxp/
wkhuh lv d ghew uxq/ dv qrerg| zdqwv wr ex| wkh rxwvwdqglqj ghew iru ihdu wkdw￿
qh{w shulrg￿lqyhvwruv zloo uhixvh wr uroo lw ryhu1 Idfhg zlwk vxfk d vlwxdwlrq/
lw lv lqghhg h{ srvw rswlpdo iru wkh jryhuqphqw wr ghidxow rq wkh ghew/ udwkhu
wkdq uhsd|lqj lw doo dw rqfh1 Wkxv wkh lqyhvwruv ihduv duh lqghhg udwlrqdo dqg
vhoi0ixo￿oolqj1 Khuh/ wkh frruglqdwlrq sureohp wkxv frqfhuqv lqyhvwphqw ghflvlrqv
dw gl￿huhqw srlqwv lq wlph1
77D kljk frvw ri vhuylflqj wkh ghew lv qrw wkh rqo| uhdvrq zk| dq h{fkdqjh udwh shj pd| qrw
eh fuhgleoh1 Lq d uhodwhg dujxphqw/ Ehqvdlg dqg Mhdqqh +4<<:, vkrz wkdw pxowlsoh htxloleuld fdq
dulvh li udlvlqj wkh lqwhuhvw udwh wr ghihqg dq h{fkdqjh0udwh shj lv wrr frvwo| iru wkh jryhuqphqw1
888161 Sxeolf Ghew Pdqdjhphqw
Wkh sdshuv glvfxvvhg lq wkh suhylrxv vxevhfwlrq kdyh lpsolfdwlrqv iru ghew pdq0
djhphqw srolflhv/ dv wkh rffxuuhqfh ri d frq￿ghqfh fulvlv ghshqgv rq wkh pdwxulw|
vwuxfwxuh ru fxuuhqf| ghqrplqdwlrq ri rxwvwdqglqj ghew1 Iru lqvwdqfh/ wkh ghew0
uxq htxloleulxp glvfxvvhg e| Dohvlqd/ Sudwl dqg Wdehoolql +4<<3, glvdsshduv li
wkh rxwvwdqglqj ghew kdv d orqj hqrxjk pdwxulw|/ zkhuhdv lw lv pruh olnho| zlwk d
vkruw0pdwxulw| ghew wkdw pxvw eh uroohg ryhu hyhu| shulrg1 Vlploduo|/ wkh uhvxowv lq
Jldyd}}l dqg Sdjdqr +4<<3, vxjjhvw wkdw lvvxlqj iruhljq fxuuhqf| ghew fdq uhgxfh
wkh ulvn ri fdslwdo  ljkw/ dv lqyhvwruv duh douhdg| surwhfwhg djdlqvw ghsuhfldwlrq1
Pruh jhqhudoo|/ sxeolf ghew pdqdjhphqw srolflhv dowhu wkh ixwxuh lqfhqwlyhv ri
wkh prqhwdu| dqg ￿vfdo dxwkrulwlhv lq pdq| vxewoh zd|v/ hyhq li wkh h{ dqwh dqg
h{ srvw hodvwlflwlhv ri doo wd{ edvhv duh wkh vdph1 Wklv srlqw zdv ￿uvw qrwhg lq wkh
vhplqdo sdshu e| Oxfdv dqg Vwrnh| +4<;6, zlwk uhjdug wr wkh pdwxulw| vwuxfwxuh
ri sxeolf ghew1 Wkh| vwduw iurp wkh revhuydwlrq wkdw ￿vfdo srolf| w|slfdoo| dowhuv
uhdo lqwhuhvw udwhv1 Wkh uhvxowlqj zhdowk h￿hfw fdq ehqh￿w ru kdup wkh jryhuqphqw/
ghshqglqj rq wkh frpsrvlwlrq ri lwv edodqfh vkhhw1 Zlwk d orw ri orqj0whup ghew/ d
kljkhu orqj0whup uhdo lqwhuhvw udwh ghsuhfldwhv wkh rxwvwdqglqj ghew dqg dfwv olnh d
qrq0glvwruwlqj fdslwdo ohy|1 Dowhuqdwlyho|/ li lw kdv orqj0whup dvvhwv dqg vkruw0whup
oldelolwlhv/ wkh jryhuqphqw ehqh￿wv iurp d srolf| wkdw uhgxfhv wkh vkruw0whup uhdo
lqwhuhvw udwh1 Xqghu vhtxhqwldo ghflvlrq pdnlqj/ wkh jryhuqphqw*v h{ dqwh rswlpdo
srolf| pd| qrw fuhgleoh= wkh jryhuqphqw pd| kdyh dq lqfhqwlyh wr ghyldwh iurp
lw h{ srvw/ lq rughu wr fkdqjh wkh ydoxh ri lwv rxwvwdqglqj dvvhwv dqg oldelolwlhv1
Frqyhuvho|/ wkhvh lqfhqwlyhv jlyh dq dgglwlrqdo uroh iru sxeolf ghew pdqdjhphqw
srolflhv= li wkh pdwxulw| dqg frqwlqjhqf| vwuxfwxuh ri wkh ghew lv ulfk hqrxjk/ lw
fdq eh uhylvhg ryhu wlph vr dv wr pdlqwdlq fuhglelolw| ri wkh h{ dqwh rswlpdo wd{
srolf| xqghu vhtxhqwldo ghflvlrq pdnlqj/ hyhq li h{ dqwh dqg h{ srvw hodvwlflwlhv ri
uhohydqw wd{ edvhv gl￿hu iurp hdfk rwkhu1 78 Qdwxudoo|/ wkhvh uhvxowv rqo| krog li
wkh hfrqrp| lv forvhg ru odujh hqrxjk wr d￿hfw lqwhuwhpsrudo zruog sulfhv1
Qrw rqo| wkh pdwxulw| vwuxfwxuh ri wkh sxeolf ghew vkdshv srolf| lqfhqwlyhv1 Lwv
frpsrvlwlrq lqwr qrplqdo dqg lqgh{hg ghew sod|v d vlplodu uroh/ dv wkh uhdo ydoxh
ri wkh iruphu/ exw qrw wkh odwwhu/ ghshqgv rq wkh sulfh ohyho179 Edvhg rq wklv revhu0
ydwlrq/ Shuvvrq/ Shuvvrq dqg Vyhqvvrq +4<;:, vkrz wkdw wkh fdslwdo0ohy| lqfhqwlyh
iru wkh jryhuqphqw wr gloxwh wkh uhdo ydoxh ri lwv rxwvwdqglqj qrplqdo oldelolwlhv￿
78￿Ulfk hqrxjk￿ jhqhudoo| phdqv wkdw wkhuh duh dv pdq| jryhuhphqw ghew lqvwuxphqwv dv
wkhuh duh srolf| lqvwuxphqwv1
79Sxeolf ghew ghqrplqdwhg lq iruhljq fxuuhqf| lv vlplodu wr lqgh{hg ghew lq wklv uhjdug/ exw
zloo qrw eh frqvlghuhg khuh1
89vxfk dv wkh prqh| vwrfn￿fdq eh uhod{hg li wkh jryhuqphqw krogv fodlpv rq wkh
sulydwh vhfwru/ ghqrplqdwhg lq qrplqdo whupv1 Li wkh qrplqdo fodlpv dqg oldelolwlhv
duh edodqfhg/ wkh h{ dqwh Udpvh| vroxwlrq pd| eh vhtxhqwldoo| vxvwdlqhg1 Exw
qrplqdoo| ghqrplqdwhg oldelolwlhv fdq dovr r￿hu ydoxdeoh lqvxudqfh djdlqvw xqdq0
wlflsdwhg  xfwxdwlrqv lq jryhuqphqw vshqglqj/ li wkh jryhuqphqw grhv qrw kdyh
dffhvv wr frqwlqjhqw ghew1 Fdoyr dqg Jxlgrwwl +4<<3, vwxg| wkh fkrlfh ehwzhhq
qrplqdo dqg lqgh{hg ghew dv d wudghr￿ ehwzhhq fuhglelolw| dqg  h{lelolw|1
Wkh xsvkrw lv wkxv wkdw wkh vwuxfwxuh ri wkh sxeolf ghew ehfrphv d vwudwhjlf
yduldeoh wkdw fdq eh pdqlsxodwhg e| d jryhuqphqw wr uhod{ lqfhqwlyh frqvwudlqwv
zklfk lw zloo phhw lq wkh ixwxuh1 Dv d uhvxow/ wkh ￿jryhuqphqw fdslwdo vwuxfwxuh￿
djdlq ehfrphv qrq0qhxwudo/ hyhq li d Prgljoldql0Ploohu wkhruhp derxw wkh luuhoh0
ydqfh ri wkh jryhuqphqw ￿qdqfldo vwuxfwxuh zrxog dsso| lq wkh devhqfh ri wkhvh
lqfhqwlyh frqvwudlqwv1 Lq wklv vhfwlrq/ zh kdyh rqo| frqvlghuhg jryhuqphqwv wkdw
frqwlqxh wr pdnh ghflvlrqv lq wkh ixwxuh zlwk ixoo fhuwdlqw|1 Exw wkh lghd ri xv0
lqj sxeolf ￿qdqfldo srolflhv vwudwhjlfdoo| wr lq xhqfh ixwxuh ￿vfdo srolf| ghflvlrqv/
reylrxvo| h{whqgv wr wkh fdvh zklfk lv pruh uhohydqw iru uhdo0zruog ghprfudflhv
+glfwdwruvklsv,/ zkhuh hohfwlrqv +frxsv dqg uhyroxwlrqv, vkliw wkh lghqwlw| dqg sro0
lf| suhihuhqfhv ri jryhuqphqwv ryhu wlph1 Vwudwhjlf sxeolf ￿qdqfldo srolflhv kdyh
lqghhg uhfhlyhg dwwhqwlrq lq wkh olwhudwxuh rq wkh srolwlfv ri sxeolf ghew wkdw zh
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8171 Uhsxwdwlrq dqg hqirufhphqw
Dv lq prqhwdu| srolf|/ uhshdwhg lqwhudfwlrq fuhdwhv lqfhqwlyhv wr pdlqwdlq d uhs0
xwdwlrq/ zklfk pd| plwljdwh wkh fdslwdo0ohy| sureohp1 Vxssrvh wkdw ixwxuh h{0
shfwhg fdslwdo wd{ udwhv ghshqg rq wkh fxuuhqw wd{ vwuxfwxuh1 Hyhq wkrxjk h{lvwlqj
fdslwdo lv wdnhq dv jlyhq e| wkh jryhuqphqw/ lw vwloo shufhlyhv ixwxuh lqyhvwphqw wr
uhvsrqg wr fxuuhqw wd{ udwhv/ wkurxjk h{shfwhg ixwxuh wd{ udwhv/ dqg wklv glv0
frxudjhv ryhuwd{dwlrq1 Fkdul dqg Nhkrh +4<<3, kdyh vwxglhg wklv uhsxwdwlrq
phfkdqlvp lq dq lq￿qlwho| uhshdwhg yhuvlrq ri wkh vlpsoh wzr0shulrg prgho ri
Vhfwlrq 8141 Wkh htxloleulxp zlwk uhsxwdwlrq frphv duelwudulo| forvh wr wkh h{
dqwh rswlpdo Udpvh| uxoh/ xqghu dssursuldwh dvvxpswlrqv derxw wkh jryhuqphqw
glvfrxqw idfwru dqg wkh ohqjwk ri wkh sxqlvkphqw shulrg1 Nrwolnr￿/ Shuvvrq dqg
Vyhqvvrq +4<;;, vkrz wkdw d uhodwhg hqirufhphqw phfkdqlvp pd| eh dydlodeoh lq
dq ryhuodsslqj0jhqhudwlrq hfrqrp|1 D plvehkdylqj jryhuqphqw lv qrw ghwhuuhg
e| lqyhvwruv h{shfwdwlrqv/ exw e| wkh wkuhdw wkdw ixwxuh jhqhudwlrqv ri wd{ sd|huv
zloo zlwkgudz wkhlu lqwhujhqhudwlrqdo wudqvihuv wr d jhqhudwlrq wkdw euhdnv ￿wkh
8:vrfldo frqwudfw￿ e| ryhuwd{lqj fdslwdo1 Qdwxudoo|/ pxowlsolflw| ri htxloleuld uhpdlq
lq erwk prghov1
Zkhq zh frqvlghu ghidxow rq sxeolf ghew/ krzhyhu/ uhsxwdwlrqdo htxloleuld
hqfrxqwhu dgglwlrqdo gl!fxowlhv1 Vxssrvh wkdw d ghidxowlqj jryhuqphqw lv ￿sxq0
lvkhg￿ e| vdyhuv/ zkr uhixvh wr ex| sxeolf ghew lq wkh ixwxuh1 Wkh sxqlvkphqw
wkxv frqvlvwv ri qrw ehlqj deoh wr vprrwk wd{ glvwruwlrqv ryhuwlph/ lq wkh idfh
ri  xfwxdwlqj sxeolf vshqglqj ru wd{ edvhv1 Lv wklv vx!flhqwo| vwurqj wr ghwhu
ghidxowB Exorz dqg Urjr￿ +4<;<, dujxh wkdw lw lv qrw1 Vxssrvh wkdw d ghidxow0
lqj jryhuqphqw fdq qhyhu eruurz djdlq/ exw fdq qhyhuwkhohvv vwloo lqyhvw exgjhw
vxusoxvhv lq dvvhwv hduqlqj wkh pdunhw udwh ri uhwxuq +iru lqvwdqfh/ e| dffxpxodw0
lqj uhvhuyhv ri d iruhljq dvvhw,1 Wkhq/ d vlpsoh duelwudjh dujxphqw lpsolhv wkdw
wkh jryhuqphqw lv dozd|v ehwwhu r￿ ghidxowlqj udwkhu wkdq uhsd|lqj lwv ghew1 7:
Wkxv/ vlpsoh uhsxwdwlrq prghov fdqqrw h{sodlq sxeolf ghew uhsd|phqw1 Wkhuh
pxvw eh rwkhu uhdvrqv zk| jryhuqphqwv krqru wkhlu ghewv= hlwkhu uhsxwdwlrqdo
vslooryhuv dfurvv srolf| lqvwuxphqwv/ ru rwkhu frvwv lq d ghidxow/ vxfk dv glvwuhvv lq
wkh edqnlqj v|vwhp/ duelwudu| uhglvwulexwlrqv/ ru vdqfwlrqv fuhgleo| hqirufhg e|
wkh lqwhuqdwlrqdo frppxqlw|1
Lq Sduw L/ zh glvfxvvhg ydulrxv lqvwlwxwlrqdo uhirupv wkdw pljkw udlvh wkh fuhg0
lelolw| ri ghvludeoh srolflhv1 Lq wkh fdvh ri ￿vfdo srolf|/ vxfk uhirupv duh ohvv
h￿hfwlyh/ krzhyhu/ dv wkh wdvnv ri d vryhuhljq ohjlvodwxuh fdqqrw eh qduurzo| gh0
￿qhg1 Qhyhuwkhohvv/ vrph lqvwlwxwlrqdo ghylfhv frxog plwljdwh wkh fdslwdo0ohy|
sureohp1 Srolwlfdo ghohjdwlrq wr d frqvhuydwlyh srolf|pdnhu lv rqh zd|1 Lqwhuqd0
wlrqdo wd{ frpshwlwlrq lv dqrwkhu1 Dv glvfxvvhg lq d frpsdqlrq vxuyh| +Shuvvrq
dqg Wdehoolql +4<<8,,/ fdslwdo frqwurov ru lqwhuqdwlrqdo wd{ djuhhphqwv wkdw olplw
wd{ frpshwlwlrq h{dfhuedwh wkh grphvwlf fuhglelolw| sureohpv/ dqg frxog wkxv eh
frxqwhusurgxfwlyh1
8181 Qrwhv rq wkh Olwhudwxuh
Pxfk ri wklv vhfwlrq lv edvhg rq Shuvvrq dqg Wdehoolql +4<<3/ fkv1 90;,1 Wkhuh
lv d odujh jdph wkhruhwlf olwhudwxuh rq g|qdplf jdphv zlwk vhtxhqwldo ghflvlrq0
pdnlqj1 Zkdw vwduwhg wklv olqh ri uhvhdufk duh djdlq wkh sdshuv e| N|godqg dqg
Suhvfrww +4<::, dqg Fdoyr +4<:;,1 Wkh errn e| Edvdu dqg Rovghu +4<;5, surylghv
d jdph0wkhruhwlf dqdo|vlv ri wkhvh sureohpv lq dq devwudfw vhwwlqj1
7:Exorz dqg Urjr￿ +4<;<, ghyhors wkhlu dujxphqw lq wkh fdvh ri vryhuhljq ordqv wkdw ￿qdqfh
frqvxpswlrq ru lqyhvwphqw/ zlwk qr wd{ glvwruwlrqv/ iru duelwudu| frqfdyh xwlolw| dqg surgxfwlrq
ixqfwlrq1 Exw wkhlu uhvxow jhqhudol}hv wr d prgho zlwk wd{ glvwruwlrqv1
8;Wkh ￿fdslwdo ohy| sureohp￿ kdv d orqj klvwru| lq hfrqrplfv1 Hlfkhqjuhhq
+4<<3, surylghv d klvwrulfdo dffrxqw1 Lw kdv ehhq irupdoo| dqdo|}hg +dowkrxjk
zlwk qxphulfdo vroxwlrqv, lq d wzr0shulrg hfrqrp| e| Ilvfkhu +4<;3,1 Dq hduo|
wuhdwphqw ri vxusulvh lq dwlrq wr wd{ uhdo prqh| edodqfhv lv Dxhuqkhlphu +4<:7,/
exw Fdoyr +4<:;, lv wkh fodvvlf khuh1
D odujh olwhudwxuh ghdov zlwk vshfxodwlyh dwwdfnv dqg pxowlsoh htxloleuld1 Lq
wklv vhfwlrq zh kdyh rqo| irfxvhg rq pxowlsoh htxloleuld wkdw dulvh zkhq srolf| lv
hqgrjhqrxv dqg wkhuh lv d fuhglelolw| sureohp1 Frq￿ghqfh fulvhv rq sxeolf ghew
kdyh ehhq vwxglhg e| pdq| dxwkruv> lq sduwlfxodu e| Fdoyr +4<;;,/ Dohvlqd/ Sudwl
dqg Wdehoolql +4<<3,/ Froh dqg Nhkrh +4<<9d/e,/ Jldyd}}l dqg Sdjdqr +4<<3,1
Pxowlsoh htxloleuld zlwk glvfuhwlrqdu| prqhwdu| srolf| kdyh dovr ehhq h{whqvlyho|
wuhdwhg lq wkh olwhudwxuh/ lq sduwlfxodu e| Revwihog +4<<4,/ Ehqvdlg dqg Mhdqqh
+4<<:,/ Fkdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<9,/ Yhodvfr +4<<7,
Uhsxwdwlrq dqg fdslwdo wd{dwlrq lv glvfxvvhg e| Nrwolnr￿/ Shuvvrq/ dqg Vyhqv0
vrq +4<;;,/ Fkdul dqg Nhkrh +4<<3, dqg/ pruh uhfhqwo|/ e| Ehqkdele dqg Uxvwl0
fklql +4<<9,/ zkloh Jurvvpdq dqg ydq Kx|fn +4<;;, dqg Fkdul dqg Nhkrh +4<<6,
dssolhg uhsxwdwlrq wr d prgho ri sxeolf ghew uhsd|phqw1 Wkh lghd wkdw uhsxwdwlrq
fdq idlo lq wkh fdvh ri vryhuhljq ghew uhsd|phqw lv gxh wr Exorz dqg Urjr￿ +4<;<,/
zkhuhdv Fkdul dqg Nhkrh +4<<6, vkrz wkdw hqirufhphqw sureohpv rq erwk vlghv
ri wkh pdunhw fdq uhvwruh d uroh iru uhsxwdwlrq1 Uhsxwdwlrqdo vslooryhuv dfurvv frq0
wudfwv duh glvfxvvhg e| Froh dqg Nhkrh +4<<7,1 Srolwlfdo ghohjdwlrq dqg fdslwdo
ohylhv duh prghohg lq Shuvvrq dqg Wdehoolql +4<<7e, dqg glvfxvvhg e| Qruwk dqg
Zhlqjdvw +4<;<, lq d idvflqdwlqj klvwrulfdo frqwh{w1 Wkh olwhudwxuh rq lqwhuqdwlrqdo
wd{ frpshwlwlrq dqg fuhglelolw| lv vxuyh|hg e| Shuvvrq dqg Wdehoolql +4<<8,1
Wkh fuhglelolw| ri rswlpdo wd{ vwuxfwxuhv lq d jhqhudo lqwhuwhpsrudo frqwh{w
dqg zlwkrxw fdslwdo kdv ehhq vwxglhg e| Oxfdv dqg Vwrnh| +4<;6,1 Wkhlu vhplqdo
sdshu glvfxvvhv erwk ghew pdqdjhphqw dqg wkh fuhglelolw| ri wd{ srolf|1 Vxevh0
txhqwo|/ Shuvvrq dqg Vyhqvvrq +4<;7, dqg Urjhuv +4<;:, uhlqwhusuhw dqg foduli|
vrph ri wkh jhqhudo lvvxhv frqfhuqlqj wkh fuhglelolw| ri rswlpdo lqwhuwhpsrudo wd{0
dwlrq1 Wkh ghew pdqdjhphqw lpsolfdwlrqv ri wkh Oxfdv dqg Vwrnh| sdshu duh
dovr jhqhudol}hg dqg lqwhusuhwhg/ e| Fkdul/ Fkulvwldqr/ dqg Nhkrh +4<<5, dqg e|
Shuvvrq dqg Vyhqvvrq +4<;9,1 Shuvvrq/ Shuvvrq dqg Vyhqvvrq +4<;:, h{whqg wkh
Oxfdv dqg Vwrnh| uhvxow wr d prqhwdu| hfrqrp|/ zkhuhdv Shuvvrq/ Shuvvrq dqg
Vyhqvvrq +4<<9, vkrz wkdw wkh whpswdwlrq wr jhqhudwh vxusulvh lq dwlrq pd| eh
pxfk vwurqjhu wkdq wkh wkhruhwlfdo olwhudwxuh vxjjhvwv/ rqfh wkh ixoo vhw ri qrplqdo
uljlglwlhv lq sxeolf h{shqglwxuh dqg wd{ surjudpv duh wdnhq lqwr dffrxqw1 Urjhuv
+4<;:, glvfxvvhv vwudwhjlf ghew pdqdjhphqw dqg fuhgleoh wd{ srolf| lq dq hfrq0
8<rp| zlwk hqgrjhqrxv jryhuqphqw frqvxpswlrq/ zkloh Urjhuv +4<;9, frqvlghuv
glvwulexwlyh jrdov1 Plvvdoh dqg Eodqfkdug +4<<7, vwxg| krz wkh pdwxulw| vwuxf0
wxuh uhtxluhg wr pdnh d orz0lq dwlrq srolf| lqfhqwlyh frpsdwleoh ydulhv zlwk wkh
ohyho ri ghew1 Fdoyr dqg Jxlgrwwl +4<<3, vwxg| wkh fuhglelolw|0 h{lelolw| wudgh0
r￿ lq wkh rswlpdo ghfrpsrvlwlrq ri sxeolf ghew lqwr lqgh{hg dqg qrq0lqgh{hg
vhfxulwlhv1 Ilqdoo|/ Plvvdoh/ Jldyd}}l dqg Ehqljqr +4<<:, dv zhoo dv Sudwl dqg
Guxgl +4<<9, kdyh vwxglhg sxeolf ghew pdqdjhphqw dv d vljqdo ri wkh jryhuqphqw
uhvroxwlrq wr hqdfw vwdelol}dwlrq srolflhv1
91 Srolwlfv ri Sxeolf Ghew
Dv qrwhg lq wkh lqwurgxfwlrq wr Sduw LL/ pdq| lqgxvwuldo frxqwulhv kdyh dffxpx0
odwhg odujh ghewv lq shdfh wlph1 Pruhryhu/ ghew dqg gh￿flwv dsshdu wr eh fruuh0
odwhg zlwk vshfl￿f srolwlfdo dqg lqvwlwxwlrqdo ihdwxuhv1 Wkh jrdo ri wklv vhfwlrq lv
wr vxuyh| wkh olwhudwxuh wkdw dgguhvvhv wkhvh lvvxhv1
Zh ehjlq zlwk wkh lghd wkdw gh￿flwv pd| eh d e|0surgxfw ri srolwlfdo lqvwdelo0
lw|1 Vhfwlrq 8 hpskdvl}hg wkdw jryhuqphqwv fdq pdqlsxodwh wkhlu ghew vwuxfwxuh
wr uhvroyh wkhlu rzq ixwxuh fuhglelolw| sureohpv1 Vxevhfwlrq 914 wdnhv xs wklv
wkuhdg/ vkrzlqj krz wkh ghew ohyho lwvhoi fdq eh xvhg vwudwhjlfdoo| wr elqg wkh
kdqgv ri vxffhhglqj jryhuqphqwv zlwk gl￿huhqw srolwlfdo suhihuhqfhv/ lq d zd|
￿uvw vxjjhvwhg e| Dohvlqd dqg Wdehoolql +4<<3, dqg Shuvvrq dqg Vyhqvvrq +4<;<,1
Wklv lghd w|slfdoo| dssolhv wr srolwlfdo v|vwhpv zlwk wzr sduwlhv dqg d jryhuqphqw
wkdw fohduo| uhsuhvhqwv wkh ylhz ri d frkhvlyh srolwlfdo pdmrulw|1 Wkh ghew ohyho
fdq dovr eh xvhg wr hqkdqfh wkh lqfxpehqw jryhuqphqw*v uh0hohfwlrq suredelolw|/
lq d zd| ￿uvw vxjjhvwhg e| Djklrq dqg Erowrq +4<<3, dqg dovr glvfxvvhg lq Vhf0
wlrq 61 Zh frqvwuxfw d vlpsoh wzr0shulrg h{dpsoh wkdw lqfrusrudwhv erwk ri wkhvh
phfkdqlvpv1
Wkh uhpdlqghu ri wkh vhfwlrq wkhq orrnv dw srolwlfdo v|vwhpv zlwk pruh glv0
shuvhg srolwlfdo srzhuv/ dv lq wkh fdvh ri frdolwlrq jryhuqphqwv ru srzhuixo sr0
olwlfdo lqwhuhvw jurxsv1 Lq Vxevhfwlrq 915/ zh glvfxvv zk| vxfk d vlwxdwlrq pd|
eh sduwlfxoduo| surqh wr jhqhudwh gh￿flwv1 Wkh dujxphqw lv d g|qdplf yhuvlrq
ri wkh frpprq0srro sureohp irupxodwhg e| Ohykdul dqg Plupdq +4<;3,￿lq wkh
frqwh{w ri qdwxudo uhvrxufhv￿dqg dssolhg wr jryhuqphqw ghew e| Yhodvfr +4<<9,1
Lq Vxevhfwlrq 916 zh iroorz wkh dssurdfk ri Dohvlqd dqg Gud}hq +4<<4,/ vkrzlqj
krz wkh vwuxjjoh ehwzhhq srzhuixo jurxsv/ derxw zkr zloo ehdu wkh frvw ri qhf0
hvvdu| fxwv lq vshqglqj/ pd| ohdg wr d zdu ri dwwulwlrq ghod|lqj wkh holplqdwlrq
ri h{lvwlqj gh￿flwv1 Lq erwk wkhvh vxevhfwlrqv/ zh uhgxfh wkh ixoo0eorzq g|qdplf
93prghov irxqg lq wkh olwhudwxuh wr vlpsoh wzr0shulrg h{dpsohv1
Lq Vxevhfwlrq 917/ ￿qdoo|/ zh glvfxvv eulh | krz wkh srolwlfv ri lqwhujhqhud0
wlrqdo uhglvwulexwlrq pd| wuljjhu jryhuqphqw gh￿flwv/ dv vxjjhvwhg e| Fxnlhupdq
dqg Phow}hu +4<;<,/ Wdehoolql +4<<4, dqg rwkhuv1
9141 Srolwlfdo Lqvwdelolw| lq d Wzr Sduw| V|vwhp
Hfrqrplf Htxloleulxp Frqvlghu d wzr0shulrg hfrqrp| zlwkrxw fdslwdo/ exw
rwkhuzlvh vlplodu wr wkdw ri vxevhfwlrq 8141 D frqwlqxxp ri lqglylgxdov kdyh lghq0
wlfdo suhihuhqfhv ryhu frqvxpswlrq dqg ohlvxuh1 Iluvw zh ghvfuleh wkhlu suhihuhqfhv
ryhu sulydwh hfrqrplf rxwfrphv dqg wkhlu sulydwh hfrqrplf ehkdylru/ iru d jlyhq
hfrqrplf srolf|1 Lqglylgxdo suhihuhqfhv ryhu sxeolf srolf| dqg gl￿huhqw sduwlhv
duh ghvfulehg odwhu1
Suhihuhqfhv ryhu sulydwh hfrqrplf rxwfrph duh jlyhq e| wkh xwlolw| ixqfwlrq=
￿ ’ S￿ n S2 n T E%￿￿nTE % 2￿ ￿ +914,
Hyhu| frqvxphu idfhv wkh vdph frqvwudlqwv1 Ohlvxuh dqg oderu lq shulrg |c %| dqg
,|c pxvw vxp wr xqlw|1 Exgjhw frqvwudlqwv duh=
S￿ n K ’E ￿￿￿ ￿￿ , ￿ ( S 2’E ￿￿￿ 2￿ , 2n-Kc
zkhuh ￿ | lv d oderu wd{ udwh/ - wkh jurvv lqwhuhvw udwh/ dqg K wkh kroglqj ri sxeolf
ghew￿wkh rqo| dydlodeoh irup ri vdylqj1 E| wkh devhqfh ri glvfrxqwlqj dqg wkh
olqhdulwlhv lq wkh xwlolw| ixqfwlrq/ dq lqwhulru htxloleulxp iru K uhtxluhv - ’￿ ￿
Uhfrjql}lqj wklv/ zh fdq zulwh wkh htxloleulxp frqvrolgdwhg exgjhw frqvwudlqw dv
S￿ n S2 ’E ￿￿￿ ￿￿ , ￿nE ￿￿￿2￿ , 2￿
Vroylqj wkh frqvxphu sureohp/ ohdgv wr oderu vxsso| ixqfwlrqv uE￿￿￿|￿ lghqwlfdo
wr wkrvh ri vhfwlrq 8141
Sxeolf vshqglqj rqo| wdnhv sodfh lq shulrg 51 Ohw } ghqrwh wrwdo shu fdslwd
sxeolf frqvxpswlrq1 Xvlqj - ’￿ cwkh jryhuqphqw exgjhw frqvwudlqwv duh=
￿K ’ ￿ ￿,￿ ( K n } ’ ￿ 2,2
Lw lv xvhixo wr uh0h{suhvv sulydwh xwlolw| dv dq lqgluhfw xwlolw| ixqfwlrq gh￿qhg
ryhu wkh srolf| yduldeohv K dqg }￿ Sulydwh htxloleulxp xwlolw| lv rqo| d ixqfwlrq
ri wkh wzr wd{ udwhv ￿￿ dqg ￿2￿ Iurp wkh jryhuqphqw exgjhw frqvwudlqwv/ wkhvh
94wd{ udwhv fdq eh h{suhvvhg dv ixqfwlrqv ri K dqg }￿ Wkxv zh fdq uhzulwh +914, dv=
aEKc}￿ ￿ ￿@%dS￿nS2nTE%￿￿nTE%2￿o￿ Wklv lqgluhfw xwlolw| ixqfwlrq kdv lqwxlwlyh
surshuwlhv1 Iluvw/ a} ￿ fc lv wkh sulydwh pdujlqdo frvw ri jryhuqphqw vshqglqj
zklfk lv lqfuhdvlqj lq } = a}} ￿ f1 Vhfrqg/ aK lv wkh sulydwh pdujlqdo frvw ri
jryhuqphqw ghew1 Wkh v|pphwu| ri oderu vxsso| lpsolhv=
aK ￿ f @r K ￿ ￿}*2￿ +915,
Wkdw lv/ zkhq wd{ udwhv duh htxdo ryhu wlph/ wd{ glvwruwlrqv duh rswlpdoo| vprrwkhg
rxw +aK ’f ,1 Exw li pruh +ohvv, wkdq kdoi wkh uhyhqxh qhfhvvdu| wr ￿qdqfh } lv
udlvhg lq shulrg 4/ vr wkdw K￿￿ }*2 +: ￿}*2￿c sulydwh xwlolw| frxog eh hqkdqfhg
e| kljkhu +orzhu , ghew lvvxh1 Ilqdoo|/ dv wd{hv duh glvwruwlrqdu| dqg dv kljkhu K
dggv wr wkh jryhuqphqw*v wd{ eloo lq shulrg 5/ wkh furvv0ghulydwlyh aK} lv qhjdwlyh1
7;
Wkh Srolwlfdo V|vwhp Lqglylgxdov ehorqj wr wzr gl￿huhqw jurxsv/ zklfk zh
odeho _ dqg oc ri jlyhq vl}h r dqg +￿ ￿ r,1 Wkh wzr jurxsv duh lghqwl￿hg zlwk wkh
vxssruwhuv ri wzr srolwlfdo sduwlhv= ( dqg -￿ Lqglylgxdov dqg sduwlhv gl￿hu lq wkhlu
suhihuuhg doorfdwlrq ri sxeolf vshqglqj ryhu wzr w|shv ri sxeolf frqvxpswlrq= }_
dqg }o 1 Wkh wzr w|shv ri sxeolf frqvxpswlrq hdfk uhtxluhv rqh xqlw ri rxwsxw/ exw
wkh| surylgh gl￿huhqw xwlolwlhv wr wkh wzr sduwlhv dqg wkhlu lqglylgxdo vxssruwhuv1
Iru vlpsolflw| zh dvvxph wkdw lqglylgxdov ehorqjlqj wr jurxs _ +o, rqo| fduh derxw
}_ +}o, dqg wkdw hdfk sduw| rqo| fduhv derxw wkh xwlolw| ri lwv rzq vxssruwhuv1 Li
hohfwhg/ sduw| U wkxv pd{lpl}hv wkh xwlolw| ixqfwlrq=
￿
U ’ aEKc}￿nME }
￿￿ ￿ +916,
Wkxv/ sduw| U fruuhfwo| lqwhuqdol}hv wkh zhoiduh h￿hfwv ri hfrqrplf srolf| rq sul0
ydwh hfrqrplf rxwfrphv/ dffruglqj wr wkh lqgluhfw xwlolw| ixqfwlrq a gh￿qhg ryhu
ghew dqg wrwdo vshqglqj dqg hydoxdwhv wkh ehqh￿wv ri sxeolf frqvxpswlrq iru lwv
frqvwlwxhqf| dffruglqj wr wkh +frqfdyh, M ixqfwlrq/ gh￿qhg ryhu }￿1 Srolwlfdo sdu0
wlhv duh ￿rxwfrph prwlydwhg￿ udwkhu wkdq ￿r!fh prwlydwhg￿1 Lw lv hdv|/ krzhyhu/
wr dphqg wkh prgho zlwk d vhsdudwh ehqh￿w ri kroglqj r!fh/ dv lq Vhfwlrq 61
7;Qrwh wkdw rxu irupxodwlrq ri wkh prgho uxohv rxw fuhglelolw| sureohpv ri wkh w|sh glvfxvvhg
lq Vhfwlrq 81 Wkh dvvxphg suhihuhqfhv lpso| wkdw oderu vxsso| ixqfwlrqv ghshqg rq wkh fxuuhqw
diwhu wd{ zdjh rqo|/ vr wkdw wkhuh lv qr gl￿huhqfh ehwzhhq h{ dqwh dqg h{ srvw hodvwlflwlhv1 Dovr/
lqfhqwlyhv iru ghew uhsxgldwlrq gr qrw dulvh/ ehfdxvh wkh jryhuqphqw lv d fuhglwru dqg kdv qr
rssruwxqlw| wr pdqlsxodwh wkh htxloleulxp lqwhuhvw udwh1
95Ilqdoo|/ zh dvvxph wkdw uhodwlyh jurxs vl}h r lv d udqgrp yduldeoh/ wkh uhdo0
l}dwlrq ri zklfk ghwhuplqhv wkh hohfwlrq rxwfrph1 Zh gh￿qh ￿ ’ ￿hEr ￿ f￿D￿ dv
wkh suredelolw|/ iurp wkh ylhzsrlqw ri shulrg 4/ wkdw sduw| - zlqv1 Wklv hohfwrudo
xqfhuwdlqw| fdq eh gxh wr d udqgrp sduwlflsdwlrq udwh/ ru wr xqfhuwdlqw| derxw
wkh uhodwlyh srsxodulw| ri sduwlhv rq rwkhu srolf| glphqvlrqv1 Ehorz zh vxjjhvw
dq h{solflw prgho iru ￿/ exw iru qrz zh wdnh lw dv h{rjhqrxv1
Htxloleulxp Srolf| Hyhqwv lq wkh prgho xqirog dv iroorzv= +4, Rqh ri wkh
sduwlhv krogv r!fh lq shulrg 4> wklv sduw| vhwv ghew +wd{, srolf| K￿ +5, Hfrqrplf
ghflvlrqv lq shulrg 4 duh pdgh1 +6, Wkh hohfwhg sduw| wdnhv r!fh dqg vhwv sxeolf
vshqglqj￿ +7, Hfrqrplf ghflvlrqv lq shulrg 5 duh pdgh1 Dv ehiruh/ zh frqvlghu d
vhtxhqwldoo| udwlrqdo htxloleulxp/ dqg zh fkdudfwhul}h lw e| edfnzdug lqgxfwlrq1
Rswlpdo sulydwh ghflvlrqv dw vwdjhv +5, dqg +7, duh douhdg| vxevxphg lq wkh
lqgluhfw xwlolw| ixqfwlrq1 Vxssrvh sduw| U krogv r!fh lq shulrg 51 Lw fkrrvhv }
vr dv wr pd{lpl}h lwv remhfwlyh lq +916,/ jlyhq wkh rxwvwdqglqj ghew ohyho K￿ Wkh
￿uvw0rughu frqglwlrq iru jrrg ￿ lv
a}EKc}￿nM }E }
￿￿’f ￿ +917,
Wkxv sduw| U vshqgv rq jrrg ￿ rqo| +jrrg ￿ 9’ ￿ kdv rqo| frvwv dqg qr ehqh￿wv,
dqg htxdwhv wkh pdujlqdo frvw ri vxsso|lqj jrrg ￿ wr lwv pdujlqdo ehqh￿w +wr jurxs
￿,1 Fohduo|/ wklv frqglwlrq gh￿qhv d uhdfwlrq ixqfwlrq }￿ ’ CEK￿ zklfk lv wkh vdph
iru erwk sduwlhv1 Vlqfh kljkhu ghew lpsolhv kljkhu shulrg05 wd{ glvwruwlrqv/ dq|
jryhuqphqw w|sh lv ohvv zloolqj wr vshqg rq sxeolf jrrgv li lw lqkhulwv d kljkhu
sxeolf ghew> khqfh= CK ￿ f￿
Zh fdq orrn dw wkh shulrg04 lqfhqwlyhv wr lvvxh ghew dw vwdjh +4,1 Wkh lghqwlw|
ri wkdw jryhuqphqw grhv qrw pdwwhu iru wkh uhvxowv/ exw wr ￿{ lghdv zh vxssrvh
wkdw sduw| ( lv wkh lqfxpehqw1 Lwv h{shfwhg sd|r￿c jlyhq wkh h{shfwhg hohfwlrq
rxwfrph/ ghshqgv rq ghew srolf| dffruglqj wr wkh lqfhqwlyh frqvwudlqw lpsrvhg
e| htxloleulxp srolf| fkrlfhv lq shulrg 5=
.E￿
(EK￿￿ ’ aEKcCEK￿ ￿nE ￿￿￿￿ ME C E K ￿o￿
Rswlpdo ghew srolf| wkxv kdv wr vdwlvi|=
aK nd a }nE ￿￿￿￿ M }o C K’a K￿￿M }CK ’f c +918,
zkhuh wkh vhfrqg htxdolw| iroorzv rqfh zh lpsrvh frqglwlrq +917,1 Frqglwlrq
+918, kdv dq lqwxlwlyh lqwhusuhwdwlrq1 Wr vwuhqjwkhq wkh lqwxlwlrq/ ￿uvw frqvlghu
96wkh vshfldo fdvh lq zklfk sduw| - vwdqgv qr fkdqfh dw zlqqlqj￿wkdw lv/ ￿ ’f
iru dq| K￿ Wkhq +918, uhgxfhv wr aK ’f ￿Lq zrugv/ d jryhuqphqw wkdw lv fhuwdlq ri
uh0hohfwlrq fkrrvhv wkh h!flhqw ghew srolf|/ vprrwklqj frpsohwho| ryhu wlph wkh
wd{ glvwruwlrqv iurp wkh ￿qdqflqj ri lwv suhihuuhg sxeolf jrrg1
Zkhq uh0hohfwlrq lv qrw fhuwdlq/ krzhyhu/ rwkhu lqfhqwlyhv frph lqwr sod|1 Wkh
odujhu lv wkh suredelolw| wkdw wkh rssrqhqw zloo zlq/ wkh pruh sduw| ( ghyldwhv
iurp wkh h!flhqw ghew srolf|/ dv lv hylghqw iurp wkh vhfrqg whup1 Dv wklv whup lv
srvlwlyh/ sduw| ( vhwv aK ￿ f zkhqhyhu ￿:f ￿D srvlwlyh suredelolw| ri orvlqj wkh
hohfwlrq ohdgv wr h{fhvvlyh ghew lvvxh￿ru pruh suhflvho| wr dq lqvx!flhqw vxusoxv
wrgd| +uhfdoo +915,,1 Zkhuhdv wkh lqfxpehqw jryhuqphqw ixoo| lqwhuqdol}hv wkh
ehqh￿wv ri eruurzlqj dvvrfldwhg zlwk wd{ vprrwklqj/ lw grhv qrw ixoo| lqwhuqdol}h
wkh frvw ri orzhu sxeolf vshqglqj lq wkh ixwxuh/ ehfdxvh wkhvh frvwv duh eruq rqo|
li wkh jryhuqphqw lv uh0hohfwhg1 Wkxv/ wkh ryhu0lvvxh ri ghew lv odujhu wkh volpphu
lv wkh uh0hohfwlrq suredelolw|1 Wr h{suhvv wkh lqwxlwlrq lq dq dowhuqdwlyh zd|= lw
lv rswlpdo iru wkh sduw| ( jryhuqphqw wr wlh wkh kdqgv ri d survshfwlyh sduw|
- jryhuqphqw/ dv wkdw sduw| zloo vshqg rq d jrrg qrw ydoxhg e| wkh qdwxudo
frqvwlwxhqf|1 Wklv vwudwhjlf prwlyh/ fuhdwlqj idfwv iru d vxffhvvru zlwk gl￿huhqw
suhihuhqfhv/ zdv ￿uvw vwuhvvhg e| Shuvvrq dqg Vyhqvvrq +4<;<, dqg Dohvlqd dqg
Wdehoolql +4<<3,1
Hqgrjhqrxv Hohfwlrq Rxwfrphv Dv phqwlrqhg douhdg| lq Vhfwlrq 6/ jryhuq0
phqwv dovr pdqlsxodwh vwdwh yduldeohv wr lqfuhdvh wkhlu fkdqfhv ri uh0hohfwlrq1 Zh
qrz prgli| rxu prgho wr vkrz krz wklv lqfhqwlyh dssolhv wr sxeolf ghew/ looxvwudw0
lqj dq lghd ￿uvw vwuhvvhg e| Djklrq dqg Erowrq +4<<3,1 Frqvlghu wkh vdph prgho/
exw vxssrvh wkdw sduwlhv dqg lqglylgxdov dovr gl￿hu dorqj d vhfrqg￿qrw h{solflwo|
prghohg￿glphqvlrq fdswxulqj dvshfwv ri sxeolf srolf| wkdw gr qrw gluhfwo| d￿hfw
wkh hfrqrp|1 Vshfl￿fdoo|/ zh dvvxph wkdw lqglylgxdo xwlolw| ghshqgv rq wkh lghq0
wlw| ri wkh sduw| kroglqj r!fh/ lq dgglwlrq wr wkh sxeolf jrrg lw surylghv1 Exw zh
doorz lqglylgxdov ehorqjlqj wr wkh vdph jurxs wr kdyh gl￿huhqw suhihuhqfhv ryhu
srolf|pdnhuv lq wklv vhfrqg glphqvlrq1 Wkxv/ zh srvwxodwh wkh iroorzlqj ryhudoo
suhihuhqfhv iru lqglylgxdo ￿ lq jurxs ￿ / iru ￿ ’ (c-=
￿




zkhuh M E￿￿ lv wkh vdph frqfdyh ixqfwlrq dv lq +916,/ dqg wkh gxpp| yduldeoh g(
htxdov 4 li sduw| ( krogv r!fh lq shulrg 5/ dqg 3 li sduw| - krogv r!fh1 Wkh
sdudphwhu k￿ lv glvwulexwhg durxqg d phdq ydoxh ri 3 lq wkh srsxodwlrq ri hdfk
jurxs/ dffruglqj wr wkh v|pphwulf dqg xqlprgdo glvwulexwlrq ixqfwlrq 8Ek￿￿￿ Lq
97shulrg 4 wkh suhflvh ydoxh ri q lv qrw nqrzq/ exw rqo| lwv h{shfwhg ydoxh .Eq￿1
Wkh k￿ sdudphwhu wkxv phdvxuhv dq lglrv|qfudwlf ￿lghrorjlfdo￿ +dqg h{rjhqrxv,
eldv iru sduw| (c dqg wr wkh h{whqw wkdw q lv srvlwlyh/ sduw| ( hqmr|v d srsxodulw|
dgydqwdjh1
Wkdw lv/ lqglylgxdov hydoxdwh sxeolf frqvxpswlrq dffruglqj wr wkhlu jurxs
d!oldwlrq/ dqg hdfk sduw| fduhv derxw lwv qdwxudo frqvwlwxhqf|1 Exw yrwhuv dovr
wudgh r￿ wkh hfrqrplf ehqh￿wv rewdlqhg iurp wkhlu sduw| djdlqvw rwkhu +h{rjhqrxv
ru qrq0hfrqrplf, dvshfwv ri sxeolf srolf|/ dffruglqj wr wkh sdudphwhuv k dqg q1
Wkhvh ￿qrq0hfrqrplf￿ ghwhuplqdqwv ri srolwlfdo suhihuhqfhv duh qrw uhodwhg wr
jurxs d!oldwlrqv lq dq| suhflvh zd|1 Wklv vshfl￿fdwlrq ri srolwlfdo suhihuhqfhv
lpsolhv wkdw jurxs d!oldwlrq grhv qrw frpsohwho| ghwhuplqh krz lqglylgxdov yrwh/
vr wkdw wkh yrwh vkduh ri hdfk sduw| lv hqgrjhqrxv1
Ilqdoo|/ zh dvvxph wkdw wkh uhodwlyh vl}h ri wkh wzr jurxsv/ jlyhq e| rc lv qrz d
￿{hg sdudphwhu/ qrw d udqgrp yduldeoh1 Wkh wlplqj ri hyhqwv lv dv ehiruh/ h{fhsw
wkdw mxvw ehiruh wkh gdwh ri hohfwlrqv wkh uhdol}dwlrq ri djjuhjdwh srsxodulw|/ qc
ehfrphv nqrzq1
Zkdw ghwhuplqhv wkh hohfwlrq rxwfrph B Dw wkh wlph ri hohfwlrqv/ ghew srolf|
K lv jlyhq e| suhylrxv ghflvlrqv1 Frqvlghu yrwhu ￿ lq jurxs _￿ Vkh yrwhv iru sduw| -
li dqg rqo| li aEKc}￿nMECEK￿￿nk￿nq:a E Kc}￿c ru li k￿ : ￿EMECEK￿￿nq￿￿ Wkxv/
xqohvv wkh (￿sduw| lv jhqhulfdoo| xqsrsxodu +q￿f￿c rqo| jurxs _ lqglylgxdov
zlwk d vwurqj lglrv|qfudwlf lghrorjlfdo eldv djdlqvw sduw| ( yrwh iru sduw| -￿Qh{w/
frqvlghu yrwhu ￿ lq jurxs o￿ Vkh yrwhv iru sduw| - li dqg rqo| li aEKc}￿nk ￿nq:
a E Kc}￿nME C E K ￿￿cru k￿ :M E C E K ￿￿￿q￿ Qrw vxusulvlqjo|/ d jurxs o yrwhu lv pruh
olnho| wr vxssruw sduw| -/ vlqfh vkh gudzv hfrqrplf ehqh￿wv iurp lwv hohfwlrq1
Frpelqlqj wkhvh frqglwlrqv dqg xvlqj wkh odz ri odujh qxpehuv/ zh jhw wkh
wrwdo yrwh vkduh iru sduw| - =
7-EKcq￿’r8E￿MECEK￿￿ ￿ q￿nE ￿￿r ￿ 8E ME C E K ￿￿ ￿ q￿c
zkhuh q lv d udqgrp yduldeoh> hyhu|wklqj hovh lv nqrzq ru fkrvhq e| wkh lqfxpehqw





Zh zdqw wr nqrz krz wklv suredelolw| ghshqgv rq sxeolf ghew1 Dv d suholplqdu|
vwhs/ qrwh wkdw =
_7-
_K
’ M}CKdE￿ ￿ r￿sEMECEK￿￿ ￿ q￿ ￿ rsE￿MECEK￿￿ ￿ q￿o￿
98zkhuh s lv wkh ghulydwlyh +ghqvlw|, ri 81D vM } C Klv qhjdwlyh/ wkh vljq klqjhv rq
wkh h{suhvvlrq lq vtxduh eudfnhwv1 Frqvlghu ￿uvw wkh fdvh q ’f ￿E| v|pphwu|
ri 8c zh vhh wkdw wkh yrwh vkduh ri sduw| - jrhv xs iru dq| q li r:E￿ ￿ r￿￿
Lqwxlwlyho|/ kljkhu K ohdgv wr orzhu ixwxuh vshqglqj/ zklfk lqfuhdvhv wkh - sduw|*v
dgydqwdjh dprqj yrwhuv lq jurxs _c exw lw uhgxfhv lw dprqj yrwhuv lq jurxs o￿
Li jurxs _ lv odujhu/ wkh iruphu h￿hfw suhydlov1 Frqvlghu qh{w wkh fdvh lq zklfk
r ’E ￿￿r ￿’￿ * 2 ￿Wkhq/ e| v|pphwu| dqg xqlprgdolw| ri 8c wkh yrwh vkduh
iru - jrhv xs dv K lqfuhdvhv li dqg rqo| li q￿f ￿Djdlq wkh yrwhuv lq jurxs _
duh pruh lpsruwdqw/ qrw ehfdxvh wkh zkroh jurxs lv odujhu/ exw ehfdxvh dw wkh
pdujlq wkh yrwhuv lq jurxs _ duh pruh preloh zkhq wkh ( sduw| lv jhqhudoo|
xqsrsxodu1 Lw iroorzv iurp wklv glvfxvvlrq wkdw ￿K : f lv pruh olnho| wkh odujhu
lv r dqg wkh vpdoohu lv .Eq￿￿ Wkdw lv/ iurp wkh srlqw ri ylhz ri d ( lqfxpehqw/
lvvxlqj pruh ghew uhgxfhv wkh suredelolw| ri uh0hohfwlrq + ￿K : f, li lwv hfrqrplf
srolflhv ehqh￿w d odujh jurxs ri yrwhuv +r lv odujh, ru li lw lv xqsrsxodu dprqj doo
wkh yrwhuv +q￿f ,1
Lw lv qrz hdv| wr fkdudfwhul}h wkh htxloleulxp ghew lvvxhg e| d ( jryhuq0
phqw1 Jrlqj wkurxjk wkh vdph vwhsv dv lq wkh suhylrxv vxevhfwlrq/ wkh rswlpdolw|
frqglwlrq iru sxeolf ghew￿wkh dqdorj ri +918,￿lv=
aK ￿ ￿EK￿M}CK ￿ ￿KMECEK￿ ￿’f ￿ +91:,
Wkh ￿uvw wzr whupv rq wkh ohiw0kdqg vlgh ri +91:, duh lghqwlfdo wr wkrvh lq +918,
dqg kdyh wkh vdph phdqlqj1 Wkh jryhuqphqw wudghv r￿ wkh h!flhqf| frqvlg0
hudwlrqv ri sxeolf ghew +fdswxuhg e| aK, dqg wkh vwudwhjlf h￿hfwv rq wkh ixwxuh
vshqglqj ghflvlrqv ri lwv rssrqhqw +fdswxuhg e| ￿M }C K,1 Wkh odvw whup fdswxuhv
wkh h￿hfw ri ghew rq wkh uh0hohfwlrq suredelolw|1 Li lvvxlqj ghew hqkdqfhv wkh uh0
hohfwlrq fkdqfhv iru sduw| ( /v rw k d w￿ K￿f / wklv h￿hfw dggv wr wkh lqfhqwlyhv wr
lvvxh ghew/ exw zkhq ￿K : f lw sxoov lq wkh rssrvlwh gluhfwlrq1 Iurp wkh suhylrxv
glvfxvvlrq zh nqrz wkdw ￿K ￿ f lv pruh olnho| zkhq r lv vpdoo dqg zkhq .Eq￿ : f￿
Lqwxlwlyho|/ d ( jryhuqphqw zkrvh vshqglqj srolflhv ehqh￿w rqo| d vpdoo ￿plqru0
lw|￿ ￿rqh iru zklfk r lv vpdoo￿hqkdqfhv lw uh0hohfwlrq fkdqfhv e| frqvwudlqlqj
lwv rzq ixwxuh vshqglqj / wkdw lv e| lvvxlqj pruh ghew/ vlqfh wklv pdnhv klp pruh
dwwudfwlyh wr vzlqj yrwhuv lq wkh odujhu jurxs o￿ Vlploduo|/ d ( jryhuqphqw zkrvh
qrq0hfrqrplf srolflhv duh jhqhulfdoo| srsxodu ￿qgv lw pruh ehqh￿fldo wr jr diwhu
vzlqj yrwhuv lq wkh rssrvlwlrq sduw|*v qdwxudo frqvwlwxhqf|/ jurxs o￿
Glvfxvvlrq Zkdw kdsshqv li wkh glvdjuhhphqw ehwzhhq wkh wzr sduwlhv lv qrw dv
h{wuhph dv zh dvvxphg/ vr wkdw erwk sduwlhv dozd|v vshqg rq erwk jrrgv/ }_ dqg
99}o/ dowkrxjk wkh suhihuuhg frpsrvlwlrq ri sxeolf vshqglqj gl￿huv dfurvv sdu wlhvB
Wkh dqvzhu ghshqgv rq wkh vkdsh ri wkh xwlolw| ixqfwlrq= pruh ghew irufhv ixwxuh
vshqglqj fxwv/ exw zklfk sxeolf jrrg lv fxw wkh prvw ghshqgv rq suhihuhqfhv1 Li
orzhu wrwdo vshqglqj lv dvvrfldwhg zlwk d pruh vlplodu pl{ ri wkh sxeolf jrrgv e|
wkh wzr sduwlhv/ Wdehoolql dqg Dohvlqd +4<<3, vkrz wkdw pruh lqvwdelolw| +d orzhu
suredelolw| ri uh0hohfwlrq, vwloo ohdgv wr odujhu htxloleulxp ghew17<
Wkh prgho wkxv |lhogv wkh hpslulfdo suhglfwlrq wkdw srolwlfdo srodul}dwlrq +l1h1
vkdus glvdjuhhphqw ehwzhhq wkh pdmrulw| dqg wkh rssrvlwlrq, dqg srolwlfdo lq0
vwdelolw| +l1h1/ iuhtxhqw jryhuqphqw wxuqryhuv, ohdg wr odujhu ghew dffxpxodwlrq1
Wkh vlpsoh lghd wkdw srolwlfdo lqvwdelolw| fdxvhv jryhuqphqw wr ehkdyh p|rslfdoo|
fdq eh dssolhg lq pruh jhqhudo prghov1 Dgglqj jryhuqphqw vshqglqj lq shulrg 4
grhv qrw fkdqjh wkh dujxphqw lq dq| uhvshfw1 Vlploduo|/ wkh uhvxowv jr wkurxjk li
srolflhv duh fkrvhq gluhfwo| e| wkh yrwhuv/ udwkhu wkdq e| wkh jryhuqphqw/ dv orqj
dv wkhuh lv d suredelolw| wkdw wkh fxuuhqw pdmrulw| zloo eh uhsodfhg e| d ixwxuh
pdmrulw| zlwk gl￿huhqw suhihuhqfhv1 Lq idfw/ wkh suhglfwlrq lv pruh jhqhudo dqg
uhdoo| dssolhv wr dq| lqwhuwhpsrudo dvshfw ri sxeolf srolf|/ vxfk dv wkh fkrlfh ri
sxeolf lqyhvwphqw +Jod}hu +4<;<, dqg Sduw LLL ehorz,/ ru wkh lpsohphqwdwlrq ri
wd{ uhirupv +Fxnlhupdq/ Hgzdugv dqg Wdehoolql +4<<5,,1
Li srolwlfdo glvdjuhhphqw frqfhuqv wkh ryhudoo vl}h ri sxeolf vshqglqj/ udwkhu
wkdq lwv frpsrvlwlrq/ wkh uhvxow wkdw sxeolf ghew srolf| lv hfrqrplfdoo| lqh!flhqw
frqwlqxhv wr dsso|1 Exw qrz wkh gluhfwlrq ri wkh lqh!flhqf| ghshqgv rq zklfk
jryhuqphqw lv lq r!fh1 Shuvvrq dqg Vyhqvvrq +4<;<, vkrz wkdw d frqvhuydwlyh
jryhuqphqw idflqj d pruh olehudo rssrvlwlrq kdv dq lqfhqwlyh wr eruurz/ wr irufh
ixwxuh vshqglqj fxwv li wkh olehudo lv hohfwhg> exw d olehudo jryhuqphqw kdv wkh rs0
srvlwh lqfhqwlyhv dqg xqghu0lvvxhv ghew +uxqv dq h{fhvvlyho| odujh vxusoxv,1 Khqfh
wkh hpslulfdo suhglfwlrq wkdw rq dyhudjh ohiw0zlqj jryhuqphqwv duh pruh glvfl0
solqhg wkdq wkhlu rssrqhqwv/ ehfdxvh wkh| duh pruh zloolqj wr udlvh wd{ uhyhqxh1
Dv zh vdz lq wkh lqwurgxfwlrq wr wklv sduw/ wkh jhqhudo lghd wkdw jryhuqphqw
wxuqryhu lv srvlwlyho| dvvrfldwhg zlwk ghew lvvxh lq frqvlvwhqw zlwk wkh vw|ol}hg
idfwv1 Vrph ri wkh prghov* vshfl￿f suhglfwlrqv uhjduglqj sxeolf ghew lvvxh kdyh
ehhq wdnhq wr wkh gdwd e| R}ohu dqg Wdehoolql +4<<4, iru ghyhorslqj frxqwulhv dqg
e| Odpehuwlql +4<<9, iru lqgxvwuldo frxqwulhv/ zlwk vxssruwlyh uhvxowv lq wkh ￿uvw
sdshu exw qrw lq wkh vhfrqg rqh183
7<Wdehoolql dqg Dohvlqd +4<<3, irupxodwh wklv frqglwlrq lq d suhflvh zd|/ uhihuulqj wr wkh
frqfdylw| lqgh{ ri wkh ixqfwlrq K=
83Shwwhuvrq +4<<:, whvw wkh Shuvvrq0Vyhqvvrq dqg Dohvlqd0Wdehoolql prghov ri vwudwhjlf ghew
lvvxh rq sdqho gdwd iurp Vzhglvk pxqlflsdolwlhv1 Kh ￿qgv vxssruw iru wkh iruphu prgho exw qrw
9:Vwuhwfklqj wkh prgho vrphzkdw/ lw dovr suhglfwv wkdw plqrulw| jryhuqphqwv
zrxog eh pruh surqh wr lvvxh ghew/ dv wkh wzr vwudwhjlf h￿hfwv sxoo lq wklv gluhfwlrq
iru d jryhuqphqw zlwk d vpdoo qdwxudo frqvwlwxhqf| +d vpdoo r whqgv wr udlvh ￿ dqg
wr pdnh ￿K qhjdwlyh,184 Iru d jryhuqphqw zlwk srsxodu fdqglgdwhv/ wkh wzr h￿hfwv
sxoo lq rssrvlwh gluhfwlrqv/ wkrxjk1 Wkh vshfl￿f srvlwlyh lpsolfdwlrqv frqfhuqlqj
wkh h￿hfw ri ghew rq uh0hohfwlrq suredelolwlhv duh qrw qhfhvvdulo| urexvw/ exw ghshqg
rq wkh dvvxpswlrqv derxw yrwhuv* suhihuhqfhv lq +919,1 Exw wkh jhqhudo lghd/ wkdw
sxeolf ￿qdqfldo srolflhv fdq dovr eh xvhg wr pdqlsxodwh wkh uhodwlyh srsxodulw| ri
wkh wzr sduwlhv/ lv vrxqg dqg kdv pdq| rwkhu dssolfdwlrqv ehvlghv sxeolf ghew1
Fohduo|/ wkhvh ghwhuplqdqwv ri hfrqrplf srolf| zrxog eh hyhq pruh lpsruwdqw li
sduwlhv zhuh dovr rssruwxqlvwlf/ l1h1/ dovr fduhg derxw vwd|lqj lq r!fh shu vh1
Ilqdoo|/ qrwh wkdw doo ri wkhvh suhglfwlrqv duh frq￿qhg wr d wzr0sduw| v|vwhp/
dqg lq sduwlfxodu wr d srolwlfdo v|vwhp lq zklfk d jryhuqphqw/ rqfh hohfwhg/ eh0
kdyhv dv d vlqjoh ghflvlrq pdnhu1 Zh qrz wxuq wr frdolwlrq jryhuqphqwv1
9151 Frdolwlrq Jryhuqphqwv
Wr vhh zk| frdolwlrq jryhuqphqwv pd| lvvxh ghew/ frqvlghu d wzr0shulrg/ wzr0
jurxs/ wzr0sduw| prgho/ vlplodu wr wkdw lq wkh suhylrxv vhfwlrq1 Dv wd{ glvwruwlrqv
duh qrw fhqwudo wr wkh dujxphqw khuh/ zh dvvxph wd{hv wr eh h{rjhqrxv dqg oxps0
vxp1 Ixuwkhupruh/ zh devwudfw iurp hohfwlrqv dqg srsxodulw| dqg lqvwhdg dvvxph
wkdw wkh wzr sduwlhv vkduh r!fh/ erwk lq shulrg 4 dqg shulrg 51 Sxeolf vshqglqj
rffxuv lq hdfk shulrg1 Dv ehiruh/ wkh wzr jurxsv kdyh vkduso| gl￿huhqw suhihuhqfhv
ryhu wkh frpsrvlwlrq ri sxeolf frqvxpswlrq1 Zh fdq zulwh wkh xwlolw| ri d w|slfdo
jurxs ￿ lqglylgxdo dv=
￿










khuh + dqg ￿ duh h{rjhqrxv shu fdslwd lqfrphv dqg shu fdslwd wd{hv dvvxphg wr
eh htxdo ryhu wlph1
Wr vlpsoli| ixuwkhu/ ohw xv dvvxph wkdw r ’￿ * 2 cvr jurxsv +ru sduwlhv, _ dqg o







84Txhvwlrqlqj wkh vw|ol}hg idfw flwhg lq wkh Lqwurgxfwlrq wr Sduw LL/ Hglq dqg Rkovvrq +4<<4,







Lw lv hdv| wr vhh wkdw lq wklv vhwwlqj wkh rswlpdo frrshudwlyh srolf| +jlylqj htxdo
zhljkw wr wkh wzr jurxsv, zrxog vhw K ’f cdqg }￿
| ’ ￿*2 iru ￿ ’ _co dqg | ’￿ c2 c
vlqfh wkdw zrxog vprrwk wkh ehqh￿wv ri jryhuqphqw vshqglqj rswlpdoo| dfurvv
jurxsv dqg wlph1 Wklv lv qrw wkh htxloleulxp rxwfrph/ wkrxjk/ li jurxsv gr qrw
frrshudwh1
Lq hdfk shulrg/ wkh frdolwlrq sduwqhuv vlpxowdqhrxvo| dqg qrq0frrshudwlyho|
sursrvh d vshqglqj ohyho iru wkhlu frqvwlwxhqf|1 Shulrg 5 ghew lv dozd|v krqruhg1
Li mrlqwo| ihdvleoh/ wkhvh sursrvdov duh lpsohphqwhg> li lqihdvleoh/ hdfk jurxs jhwv
d vkduh ri wkh ihdvleoh vshqglqj ohyho lq sursruwlrq wr lwv sursrvdo1 Pruh suhflvho|/
xvlqj RE}￿
































Fohduo|/ wklv prgho lpsolflwo| dvvxphv d zhdn exgjhw surfhvv/ zkhuh hdfk ri wkh
frdolwlrq sduwqhuv lv jlyhq uhvsrqvlelolw| iru rqh vhsdudwh sduw ri wkh jryhuqphqw
exgjhw/ dqg qrqh ri wkhp kdv uhvsrqvlelolw| iru wkh ryhudoo exgjhw frqvwudlqw1
Zh fdq dovr lqwhusuhw wkh prgho dv uhihuulqj wr d yhu| zhdn jryhuqphqw zkhuh
vshqglqj plqlvwhuv duh lq wkh kdqgv ri srzhuixo lqwhuhvw jurxsv1
Jlyhq wkh uhodwlrq ehwzhhq sursrvdov dqg rxwfrphv lq +91;,/ wkhuh lv d xqltxh
Qdvk htxloleulxp lq shulrg 5= hdfk sduw| sursrvhv wkdw wkh zkroh uhpdlqlqj srro
ri jryhuqphqw uhvrxufhv/ ￿ ￿ K/ eh doorfdwhg wr lwv rzq jurxs1 Elgglqj iru wkh
zkroh slh lq shulrg 5/ e| vhwwlqj RE}￿
2￿’E ￿￿K ￿ clv frvwohvv1 Vxfk d sursrvdo
lv d grplqdqw vwudwhj|/ dv dq| orzhu sursrvdo uhgxfhv wkh vkduh ri jurxs ￿ 1





2 ’ E￿ ￿ K￿*2￿ +91<,
Htxloleulxp ghew lvvxh Lq shulrg 4 wkh vlwxdwlrq lv gl￿huhqw/ ehfdxvh lqvlvwlqj
rq kljk vshqglqj hdwv xs ixwxuh uhvrxufhv1 Wklv frvw lv qrw kljk hqrxjk/ wkrxjk/
85Zh dovr dvvxph wkdw qr jurxs fdq elg iru pruh wkdq wkh wrwdo dydlodeoh uhvrxufhv1 Wkxv/
s+jl
4, ￿ 5￿ dqg s+jl
5, ￿ ￿ ￿ e iru l @ u>g=
9<wr suhyhqw htxloleulxp ryhu0lvvxh ri ghew1 Wr vhh wklv/ frqvlghu krz ghew olqnv
vshqglqj lq shulrgv 4 dqg 51 Jlyhq ixwxuh htxloleulxp vshqglqj lq +91<, dqg wkh
exgjhw frqvwudlqwv +91:,/ zh fdq zulwh wkh remhfwlyh ri sduw| U lq shulrg 4/ dv=
￿







Zkhq frqwhpsodwlqj lwv vshqglqj sursrvdo dqg wdnlqj sduw| a v sursrvdo dv jlyhq/

















Dv wkh sursrvdov ri erwk sduwlhv duh lghqwlfdo/ wkh| duh fohduo| ihdvleoh= wkh h{0
suhvvlrq lq wkh vhfrqg eudfnhwv lv srvlwlyh/ vdwlvi|lqj wkh ihdvlelolw| frqvwudlqw lq












2iru ￿ ’ _coc lw iroorzv iurp +91;, wkdw K:f ￿
Wklv uhvxow lv dq lqvwdqfh ri wkh idploldu frpprq srro dujxphqw= dv wkh surs0
huw| uljkwv wr ixwxuh lqfrph duh qrw zhoo gh￿qhg/ hdfk ri wkh sduwlhv rqo| lqwhu0
qdol}hv d iudfwlrq ri wkh frvw ri fxuuhqw vshqglqj dqg ghew lvvxh1 Wkh uhvxow lv
d froohfwlyh luudwlrqdolw|/ zklfk ghsduwv udglfdoo| iurp wkh frrshudwlyh vroxwlrq1
Qdwxudoo|/ zlwk ￿:2jurxsv wkh sureohp ehfrphv hyhq zruvh/ ehfdxvh qrz hdfk
sduw| rqo| lqwhuqdol}hv ￿*￿ ri wkh ixwxuh frvwv ri ghew lvvxh1
Wklv prgho fdq eh jhqhudol}hg lq vhyhudo gluhfwlrqv1 Yhodvfr +4<<9, vwxglhv
d jhqxlqh pxowl0shulrg prgho1 Wklv jlyhv ulfkhu ghew g|qdplfv/ lqfoxglqj wkh
srvvlelolw| ri ghod|hg hqgrjhqrxv vwdelol}dwlrqv1 Fkdul dqg Froh +4<<6, vwxg| d
wzr0shulrg prgho zklfk frpelqhv lghdv iurp wklv dqg wkh suhylrxv vxevhfwlrq1
Ohjlvodwruv idflqj d iuhh0ulghu sureohp wkdw gulyhv vshqglqj wrr kljk wu| wr frq0
vwudlq ixwxuh vshqglqj dqg dyrlg froohfwlyh luudwlrqdolw| e| lvvxlqj pruh ghew1
Ol}}hul +4<<9, dssolhv d uhodwhg lghd wr d yhu| gl￿huhqw prgho ri uhglvwulexwlrq/
ruljlqdoo| irupxodwhg e| P|huvrq +4<<6,1 Kh frqvlghuv d wzr0shulrg hfrqrp|
zkhuh hohfwlrqv duh khog hyhu| shulrg1 Fdqglgdwhv fdq pdnh elqglqj surplvhv
ehiruh hohfwlrqv/ ryhu krz wr uhglvwulexwh wkh dydlodeoh uhvrxufhv dfurvv yrwhuv dqg
ryhu wlph1 Udwlrqdo yrwhuv uhzdug p|rslf ehkdylru/ krzhyhu/ idyrulqj d fdqglgdwh
zkr surplvhv wr glvwulexwh doo uhvrxufhv wrgd|1 Wkh uhdvrq lv wkdw uhvrxufhv ohiw
:3iru wkh ixwxuh fdq eh wdnhq dzd| e| wkh rssrqhqw li wkh ￿uvw0shulrg lqfxpehqw lv
qrw uh0hohfwhg1 86
D vwurqjhu exgjhw surfhvv Wkh ryhu0lvvxh ri ghew lv reylrxvo| fdxvhg e| d
 dzhg jryhuqphqw exgjhw surfhvv/ zkhuh hdfk sduw| ri wkh frdolwlrq +hdfk jurxs,
lv jlyhq ghflvlrq0pdnlqj dxwkrulw| ryhu sduw ri wkh exgjhw/ exw qrerg| lv jlyhq
ghflvlrq0pdnlqj dxwkrulw| ryhu wkh djjuhjdwh rxwfrph1 Zklfk lqvwlwxwlrqdo uh0
irupv frxog dgguhvv wklv sureohpB
D qdwxudo lghd lv wr fhqwudol}h ghflvlrq0pdnlqj dxwkrulw| frpsohwho| wr rqh ri
wkh sduwlhv +ru shukdsv wr uhirup wkh hohfwrudo v|vwhp/ wr pdnh pdmrulw| jryhuq0
phqwv/ udwkhu wkdq frdolwlrq jryhuqphqwv/ pruh olnho|,1 Li wkh vdph sduw| ixoo|
frqwuroohg doo vshqglqj ghflvlrqv/ lw zrxog lqghhg dssursuldwho| lqwhuqdol}h wkh
frvw ri ryhuvshqglqj dqg ri ghew lvvxh1 Vxfk fhqwudol}dwlrq ri ghflvlrq0pdnlqj
srzhu frxog eh dexvhg/ krzhyhu1 Lq wkh prgho ri Vxevhfwlrq 914/ sduw| U zrxog
vshqg doo wkh uhyhqxh hyhqo| ryhu wlph rq lwv rzq jurxs/ li lw kdg wkh srzhu wr gr
vr1 Wkh doorfdwlrq ri vshqglqj dfurvv wlph zrxog wkxv eh ￿qh/ exw wkh doorfdwlrq
dfurvv jurxsv zrxog eh whuuleoh1 Pruhryhu/ lq vxfk d zruog/ hohfwrudo xqfhuwdlqw|
zrxog uh0lqwurgxfh wkh lqfhqwlyhv iru ghew lvvxh frqvlghuhg lq wkdw vhfwlrq1 Wklv
sureohp frxog eh plwljdwhg e| lqvwlwxwlrqdo ￿fkhfnv dqg edodqfhv￿/ iru lqvwdqfh
e| vsolwwlqj djhqgd0vhwwlqj srzhu ehwzhhq wkh wzr jurxsv/ jlylqj/ vd|/ sduw| (
djhqgd vhwwlqj srzhu ryhu wkh exgjhw vl}h dqg sduw| - djhqgd vhwwlqj srzhu ryhu
lwv doorfdwlrq1 87
Lw wxuqv rxw wkdw d vlpsoh lqvwlwxwlrq fdq lpsohphqw wkh vrfldoo| rswlpdo door0
fdwlrq lq wkh prgho1 Wkh vroxwlrq lv wr vsolw wkh ghflvlrq lq vwdjhv1 Iluvw sxeolf
ghew lv fkrvhq1 Wkhq wkh doorfdwlrq ri }| dfurvv gl￿huhqw w|shv ri sxeolf jrrgv
lv vhtxhqwldoo| ghwhuplqhg/ ￿uvw lq shulrg 4dqg wkhq lq shulrg 5/ zlwk d vhsd0
udwh exgjhw frqvwudlqw iru hdfk shulrg1 Vxssrvh wkdw wkh doorfdwlrq ri vshqglqj
lv pdgh dffruglqj wr +91;,/ h{fhsw wkdw E￿ n K￿ uhsodfhv 2￿ lq wkh h{suhvvlrq iru
￿uvw0shulrg vshqglqj rq wkh UKV ri +91;,1 Lw lv hdv| wr vhh wkdw erwk jurxsv qrz
djuhh wr d edodqfhg exgjhw +K ’f ,/ dv dq| rwkhu fkrlfh zrxog eh lqh!flhqw iru
erwk ri wkhp1 Vlqfh wkhuh lv xqdqlplw|/ dq| phfkdqlvp iru fkrrvlqj K zrxog jlyh
wkh vdph uhvxow1
Lqwhuhvwlqjo|/ wkh hpslulfdo hylghqfh lq yrq Kdjhq +4<<5,/ yrq Kdjhq dqg
86Wkh frpprq srro sureohp kdv dovr ehhq h{whqvlyho| vwxglhg lq d vwdwlf frqwh{w1 Shuvvrq
dqg Wdehoolql +4<<:, vxuyh|v wkdw olwhudwxuh1
87Wkh h￿hfwv ri vrph ri wkhvh fkhfnv dqg edodqfhv duh lqyhvwljdwhg lq d gl￿huhqw vhw xs e|
Shuvvrq/ Urodqg dqg Wdehoolql +4<<:,1
:4Kdughq +4<<7, dqg Dohvlqd hw do +4<<9,/ vxjjhvwv wkdw fhuwdlq ihdwxuhv ri wkh
exgjhw surfhvv pdnhv lw ohvv olnho| wkdw frxqwulhv uxq lqwr sxeolf ghew sureohpv1
Rqh ri wkh lqglfdwruv wkdw pdnh xs wkh lqgh{ ri exgjhw vwulqjhqf| lq wkhlu zrun
lv suhflvho| zkhwkhu wkh exgjhw surfhvv hqwdlov d ghflvlrq rq wkh ryhudoo exgjhw/
ehiruh wkh ghflvlrq rq lwv doorfdwlrq188
9161 Ghod|hg vwdelol}dwlrqv
Lq wklv vhfwlrq zh gr qrw irfxv rq zk| exgjhw gh￿flwv dulvh/ exw rq zk| lw pd|
wdnh wlph wr jhw ulg ri wkhp rqfh wkh| kdyh dulvhq1 Iroorzlqj Dohvlqd dqg Gud}hq
+4<<4,/ zh looxvwudwh wkh srvvlelolw| ri ghod|hg vwdelol}dwlrqv zkhq wzr sduwlhv lq
d frdolwlrq jryhuqphqw/ ru wzr srzhuixo lqwhuhvw jurxsv/ hdfk kdv dq lqfhqwlyh
wr ohw wkh rwkhu sduw| ehdu wkh euxqw ri wkh qhfhvvdu| dgmxvwphqw1 Dohvlqd dqg
Gud}hq*v frqwlqxrxv0wlph prgho exlow rq wkh elrorjlfdo zdu0ri0dwwulwlrq prgho ri
Uloh| +4<;3, dqg rq wkh sxeolf0jrrgv prgho ri Eolvv dqg Qdohex￿ +4<;7,1 Zh
dgdsw wkhlu dqdo|vlv wr rxu vlpsoh wzr0shulrg vhwwlqj1
Lq wkh prgho ri wkh suhylrxv vhfwlrq/ dvvxph wkdw djjuhjdwh jryhuqphqw vshqg0
lqj kdv jrw vwxfn dw d ohyho kljkhu wkdq djjuhjdwh wd{ uhyhqxh1 Lq sduwlfxodu/
dvvxph wkdw }_ n }o ’ } ’ ￿ n qc zlwk q:f ￿Dv ehiruh/ wd{ uhyhqxh lv h{rjh0
qrxvo| ￿{hg dw wkh vdph ohyho lq hdfk shulrg1 Zh vwxg| wzr srvvleoh rxwfrphv=
+l, Vwdelol}dwlrq lv ghod|hg/ lq zklfk fdvh }_
￿ n }o
￿ ’ }￿ ’ ￿ n qc K ’ qc dqg
}_
2 n}o
2 ’ }2 ’ ￿ ￿q￿ +ll, Vwdelol}dwlrq rffxuv lq shulrg 4/ lq zklfk fdvh djjuhjdwh
ryhuvshqglqj lv fxw e| q vr wkdw }￿ ’ ￿ ’ }2 dqg khqfh K ’f ￿Wkh doorfdwlrq ri
vshqglqj fxwv dfurvv wkh wzr jurxsv lq fdvh +ll, ghshqgv rq krz vwdelol}dwlrq fdph
derxw1 Zh uhwxuq wr wklv txhvwlrq ehorz1 Zh duh lqwhuhvwhg lq wkh suredelolw|
wkdw vwdelol}dwlrq lv ghod|hg/ dqg zkdw idfwruv pdnh ghod| pruh olnho|1
Wr vlpsoli| wkh dojheud/ zh dvvxph wkdw wkh xwlolw| ri jurxs ￿ lv olqhdu lq }￿￿
Zh dvvxph wkdw wkh frvwv ri ghew srolf| hqwhu dgglwlyho| lq wkh xwlolw| ixqfwlrq1
Wkh| fdq eh wkrxjkw ri dv hlwkhu d vxerswlpdo vshqglqj doorfdwlrq ryhu wlph/ ru
rwkhu frvwv dvvrfldwhg zlwk ghew lvvxh￿shukdsv sduw ri wkh gh￿flw lv ￿qdqfhg e|
d glvwruwlrqdu| lq dwlrq wd{1 Zh wkxv zulwh xwlolw| ri jurxs ￿ dv
￿






88Kdoohuehuj dqg yrq Kdjhq +4<<:, dujxh wkdw frxqwulhv zlwk pdmrulwduldq hohfwrudo v|vwhpv
+dqg wkxv duh pruh olnho| wr kdyh rqh0sduw| jryhuqphqwv, kdyh fkrvhq wr fhqwudol}h srzhu wr wkh
￿qdqfh plqlvwhu lq wkh exgjhw surfhvv/ zkhuhdv frxqwulhv zlwk sursruwlrqdo hohfwrudo v|vwhpv
+pruh olnho| wr kdyh frdolwlrqv dqg plqrulw| jryhuqphqwv, lqvwhdg kdyh wulhg wr olplw wkhlu gh￿flwv
e| dgrswlqj irupdo exgjhw wdujhwv1
:5Wkh sdudphwhu V￿ phdvxuhv wkh frvw wr jurxs ￿ ri srvwsrqlqj wkh vwdelol}dwlrq1
D fuxfldo dvvxpswlrq lv wkdw wklv frvw lv sulydwh lqirupdwlrq wr jurxs ￿￿ Jurxs ￿
rqo| nqrzv wkdw V￿ lv glvwulexwhg rq wkh lqwhuydo dfcVo dffruglqj wr wkh glvwulexwlrq
ixqfwlrq 8EV￿￿￿ Wkh fruuhvsrqglqj sdudphwhu V￿ kdv wkh vdph glvwulexwlrq/ exw
wkh uhdol}dwlrqv ri V￿ dqg V￿ duh lqghshqghqw1
Doo srolwlfdo dfwlrq wdnhv sodfh dw wkh ehjlqqlqj ri shulrg 4/ zkhq hdfk sduw|/
vlpxowdqhrxvo| dqg qrq0frrshudwlyho|/ pdnhv d sursrvdo RU ri zkhwkhu wr vwdelol}h
+RU ’ r￿c ru qrw +RU ’ ?￿￿ Li erwk sduwlhv sursrvh ?c wkh vwdelol}dwlrq lv ghod|hg1
Exw li dw ohdvw rqh sduw| sursrvhv r/ vwdelol}dwlrq wdnhv sodfh1 Li rqo| rqh sduw|
￿jlyhv lq￿ dqg sursrvhv r/ wkdw sduw| ehduv wkh pdlq exughq ri wkh qhfhvvdu|
fxwedfnv1 Vshfl￿fdoo|/ zh dvvxph=
}
￿
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zkhuh }￿ER(cR -￿ghqrwhv krz vshqglqj rq jurxs ￿ ghshqgv rq wkh wzr sursrvdov/
dqg zkhuh k:f cphdvxuhv wkh dgydqwdjh ri qrw jlylqj lq1 Lpsolflw lq +9144, lv wkh
lghd wkdw wkh srolwlfdo surfhvv jlyhv yhwr uljkwv wr vrph sduw| ru lqwhuhvw jurxs1
Wkxv/ wklv prgho dssolhv wr frxqwulhv uxohg e| frdolwlrq jryhuqphqwv/ ru pruh
jhqhudoo| wr d vlwxdwlrq zkhuh wkh h{hfxwlyh lv zhdn dqg idfhv h￿hfwlyh rssrvlwlrq
e| rujdql}hg lqwhuhvwv lq wkh ohjlvodwxuh ru rxwvlgh ri Sduoldphqw1
Frqvlghu rqh ri wkh sduwlhv/ vd| sduw| (￿ Lw frpsduhv h{shfwhg xwlolw| zkhq
sursrvlqj ?c ghqrwhg e| .d￿_ m R_ ’ ?ocdqg rc ghqrwhg e| .d￿_ m R_ ’ ro￿ Ohw
^ ’ ￿hdRo ’ ro eh wkh suredelolw| wkdw sduw| - sursrvhv r +^ lv ghwhuplqhg lq
htxloleulxp,1 Wkhq/ +9143,0+9144, dqg vrph dojheud lpso|
.d￿
_ m R
_ ’ ?o ￿ .d￿
_ m R
_ ’ ro’k￿E￿ ￿^￿V
_K￿ +9145,
Wkxv/ lw lv pruh dgydqwdjhrxv wr sursrvh ? li wkh jdlqv iurp qrw jlylqj lq duh
odujh +k lv odujh,/ li wkh frvwv ri gh￿flw ￿qdqfh iru jurxs _ lv orz +&_ lv orz,/ dqg
li wkh suredelolw| wkdw sduw| - sursrvhv r lv kljk +^ lv kljk,1 Fohduo|/ sduw| (
vd|v qr zkhqhyhu V_ lv ehorz vrph fulwlfdo qxpehu g￿ Exw/ vlqfh sduw| - idfhv
dq lghqwlfdo ghflvlrq sureohp/ lw dovr sursrvhv ? zkhqhyhu Vo ￿g ￿Wkxv lw pxvw
eh wkh fdvh wkdw E￿ ￿ ^￿’8E g ￿ 1 Xvlqj wkdw dqg vhwwlqj wkh h{suhvvlrq lq +9145,
htxdo wr }hur/ zh fdq lpsolflwo| gh￿qh wkh htxloleulxp ydoxh ri g e|=
g8Eg￿’k*q￿
:6Wkh OKV ri wklv h{suhvvlrq lv lqfuhdvlqj lq g1 Wkhuhiruh/ g ’ gEkcq￿c zlwk
gk : f dqg gq ￿ f￿
Zh fdq qrz dqvzhu wkh pdlq txhvwlrqv/ qdpho| krz riwhq zh zrxog revhuyh
d ghod|hg vwdelol}dwlrq dqg zkdw idfwruv pdnh htxloleulxp ghod| pruh olnho|1 Gh0
od|hg vwdelol}dwlrq uhtxluhv wkdw erwk jurxsv sursrvh ?￿ Dv V_ dqg Vo duh lqgh0
shqghqwo| glvwulexwhg/ wkh xqfrqglwlrqdo suredelolw| ri revhuylqj ghod| lv=
E￿ ￿ ^￿E￿ ￿ ^￿’8E g E kcq￿￿8EgEkcq￿￿￿
Wkh olnholkrrg ri ghod| lv wkxv lqfuhdvlqj lq kc wkh jdlq iurp zlqqlqj wkh zdu ri
dwwulwlrq zkhq wkh rwkhu sduw| jlyhv lq ￿uvw1 Li zh lqwhusuhw k dv d phdvxuh ri
frkhvlrq lq wkh srolwlfdo v|vwhp/ wklv uhvxow wkxv vd|v wkdw ghod|hg vwdelol}dwlrqv
dqg surorqjhg gh￿flwv duh pruh olnho| lq srodul}hg srolwlfdo v|vwhpv1 Qrwh wkdw
li k ’f cwkhuh lv qhyhu dq| ghod|> srvwsrqlqj dgmxvwphqw rqo| lpsolhv orvvhv
iru hdfk sduw|1 Wkh olnholkrrg ri ghod| lv dovr ghfuhdvlqj lq qc wkh lqlwldo ￿vfdo
sureohp1 Wkh prgho lv frqvlvwhqw zlwk wkh jhqhudo lghd wkdw d zruvh ￿vfdo fulvlv
pdnhv dgmxvwphqw pruh olnho|> khuh zh jhw wkdw uhvxow ehfdxvh wkh h{shfwhg frvw
ri zdlwlqj ehfrphv lqglylgxdoo| odujhu zlwk d kljkhu q￿ Wkxv/ wkh prgho vxssruwv
wkh jhqhudo lghd wkdw ￿qdqfldo fulvhv dqg wlphv ri hfrqrplf glvwuhvv uhvxowlqj iurp
exgjhwdu| lqvwdelolw| duh fdwdo|vwv ri uhirup/ dqg vkrxog qrw eh ihduhg wrr pxfk
+Gud}hq dqg Julool +4<<5,,1 Wkh phfkdqlvp fdxvlqj ghod| lq wkh prgho/ qdpho| d
frq lfw ryhu krz wr glvwulexwh wkh orvvhv iurp fxwedfnv lq jryhuqphqw surjudpv/
dovr uk|phv zhoo zlwk fdvxdo revhuydwlrq1 Ilqdoo|/ wkh prgho fdq eh xvhg wr
vwxg| wkh frqvhtxhqfhv ri ￿qdqfldo dlg wr ghyhorslqj frxqwulhv dqg frqglwlrqdolw|
+Fdvhood dqg Hlfkhqjuhhq +4<<8,,1 Wr eh h￿hfwlyh/ h{whuqdo ￿qdqfldo dlg vkrxog
qrw hdvh wkh sdlq ri dq xqvxvwdlqdeoh vlwxdwlrq +lq whupv ri rxu prgho/ lw vkrxog
qrw uhgxfh q,/ iru wklv zrxog vlpso| ghod| wkh vwdelol}dwlrq1 H￿hfwlyh ￿qdqfldo
dlg vkrxog lqvwhdg eh frqglwlrqdo rq d vwdelol}dwlrq wdnlqj sodfh dqg vkulqn ryhu
wlph li wkh vwdelol}dwlrq lv srvwsrqhg/ wr lqfuhdvh wkh lqfhqwlyhv wr jlyh lq hduo|
iru wkh ulydolqj sduwlhv1
9171 Ghew dqg lqwhujhqhudwlrqdo srolwlfv
Wkh prghov lq wklv vhfwlrq doo irfxv rq krz ghew uhglvwulexwhv wd{ glvwruwlrqv/ ru
ehqh￿wv ri jryhuqphqw vshqglqj/ ryhu wlph1 Exw wkh| ljqruh dqrwkhu uroh ri ghew=
uhglvwulexwlrq dfurvv jhqhudwlrqv1 Wkh| dovr doo dvvxph dq| rxwvwdqglqj ghew wr
eh krqruhg e| wkh jryhuqphqw wkdw lqkhulwv lw1 Exw dv zh kdyh vhhq lq Vhfwlrq 8/
wklv uhtxluhv d vwurqj irup ri frpplwphqw1 Uhsxwdwlrqdo ru lqvwlwxwlrqdo irufhv
:7idflolwdwh frpplwphqwv/ exw wkhq wkh| vkrxog uhdoo| eh sduw ri wkh dujxphqw> vxfk
irufhv pd| dovr qrw jr doo wkh zd|1
Lq frqyhqwlrqdo uhsuhvhqwdwlyh0djhqw pdfurhfrqrplfv/ ghew lvvxh dqg sd|0dv0
|rx0jr vrfldo vhfxulw| duh lghqwlfdo srolflhv1 Vhyhudo dxwkruv kdyh dgguhvvhg wkh sr0
olwlfdo ghwhuplqdqwv ri vxfk srolflhv lq d phgldq0yrwhu vhwwlqj zlwkrxw dowuxlvp￿
vhh Eurzqlqj +4<:8, iru dq hduo| frqwulexwlrq/ Erdgzd| dqg Zlogdvlq +4<;<,/
dqg Frroh| dqg Vrduhv +4<<8,1 Lq wkhvh sdshuv/ ixwxuh vrfldo0vhfxulw| srolflhv duh
krqruhg e| dvvxpswlrq +dw ohdvw lq wkh qh{w shulrg,> l1h1 frpplwphqw lv dvvxphg1
Zrunlqj djhqwv qrw wrr idu iurp uhwluhphqw idyru lqwurgxflqj sd|0dv0|rx0jr vrfldo
vhfxulw|/ dv wklv doorzv wkhp wr iuhh ulgh rq |rxqjhu djhqwv1 Rog0djh djhqwv duh/ ri
frxuvh/ dovr lq idyru1 Wkhuhiruh d pdmrulw| ri yrwhuv w|slfdoo| idyruv vrfldo vhfxulw|
dqg htxloleulxp srolf| ghshqgv/ lq d suhglfwdeoh zd|/ rq djh0hduqlqj sur￿ohv dqg
wkh srsxodwlrq jurzwk udwh1
Fxnlhupdq dqg Phow}hu +4<;<, dqdo|}h exgjhw gh￿flwv lq d vlplodu zd|/ exw
lqwurgxfh lqwhu0jhqhudwlrqdo dowuxlvp1 Wkh ghjuhh ri dowuxlvp ydulhv dfurvv krxvh0
krogv= vrph krxvhkrogv ohdyh srvlwlyh ehtxhvwv/ exw rwkhuv duh ehtxhvw0frqvwudlqhg1
Qrq0frqvwudlqhg yrwhuv/ zkr fdq xqgr dq| lqwhujhqhudwlrqdo uhglvwulexwlrq/ duh
rqo| frqfhuqhg zlwk wkh jhqhudo htxloleulxp h￿hfwv ri wkh srolf|/ dqg qrw rq krz
lw uhglvwulexwhv dfurvv jhqhudwlrqv1 Exw d exgjhw gh￿flw lv idyruhg e| wkh ehtxhvw0
frqvwudlqhg yrwhuv/ ehfdxvh lw doorzv wkhp vrphwklqj wkh| fdqqrw gr sulydwho|￿
uhglvwulexwh uhvrxufhv wrzdugv wkhpvhoyhv1 Lq d phgldq yrwhu htxloleulxp/ wkh vl}h
ri wkh exgjhw gh￿flw ghshqgv ri wkh h!flhqf| h￿hfwv dqg wkh qxpehu ri ehtxhvw0
frqvwudlqhg yrwhuv1
Hyhq wkrxjk wkhvh frqwulexwlrqv lqwurgxfh lpsruwdqw dvshfwv ri srolwlfv/ wkh|
vwloo klqjh rq wkh frpplwphqw dvvxpswlrq1 Dw dq| prphqw vrfldo vhfxulw| vwulfwo|
ehqh￿wv rqo| d plqrulw| +wkh uhwluhg, exw lpsrvhv d frvw rq d pdmrulw| +wkh zrun0
huv,1 D vlplodu sureohp h{lvwv iru ghew1 Zk| wkhq grhv wkh pdmrulw| qrw uhshdo
wkh srolf|B Uhsxwdwlrqdo frqfhuqv pd| khos/ li krqrulqj wkh fxuuhqw surjudp
hqkdqfhv wkh suredelolw| wkdw lw zloo eh krqruhg lq wkh ixwxuh1 Exw dv zh kdyh
douhdg| glvfxvvhg lq vhfwlrq 8/ wklv dujxphqw lv qrw zlwkrxw sureohpv1
Wdehoolql +4<<3, dqg +4<<4, vxjjhvwv rqh vkrxog doorz lqwud0jhqhudwlrqdo khw0
hurjhqhlw| lq lqfrph/ zkhq wklqnlqj derxw wkhvh txhvwlrqv1 Sxuh lqwhujhqhudwlrqdo
srolflhv uduho| h{lvw/ dw ohdvw zkhq jhqhudwlrqv duh dowuxlvwlfdoo| olqnhg1 Vrfldo vh0
fxulw| surjudpv wkxv uhglvwulexwh qrw rqo| iurp nlgv wr sduhqwv/ exw dovr iurp
ulfk wr srru1 Vlploduo|/ sxeolf ghew ghidxow zrxog kdyh erwk lqwhujhqhudwlrqdo
dqg lqwudjhqhudwlrqdo h￿hfwv +dv wkh ulfk duh olnho| wr krog pruh ghew,1 D srolf|
uhglvwulexwlqj dfurvv jhqhudwlrqv pd| wkhuhiruh eh xskhog lq htxloleulxp/ zlwkrxw
:8h{ dqwh frpplwphqwv/ e| d frdolwlrq ri yrwhuv wkdw frqwdlqv phpehuv ri gl￿huhqw
jhqhudwlrqv zkr ehorqj wr vlplodu lqfrph jurxsv1 Exw wkh frdolwlrqv wkdw irup h{
srvw wr vxssruw h{lvwlqj vrfldo vhfxulw| dqg rxwvwdqglqj ghew duh gl￿huhqw1 Vrfldo
vhfxulw| lv vxssruwhg e| wkh rog dqg wkh nlgv ri srru sduhqwv/ zkhuhdv ghew lv vxs0
sruwhg e| wkh rog dqg wkh nlgv ri ulfk sduhqwv1 Wkhvh wzr lqwhujhqhudwlrqdo srolflhv
duh wkxv qrw htxdo xqghu khwhurjhqhlw| dqg odfn ri frpplwphqw1 Dv lq Vhfwlrq
8/ lqfhqwlyh frqvwudlqwv lq srolf|pdnlqj ylrodwh wkh Prgljoldql0Ploohu wkhruhp ri
jryhuqphqw ￿qdqfh1
Pdmrulw| yrwlqj lv qrw wkh rqo| zd| ri wklqnlqj derxw krz wkh srolf| suhi0
huhqfhv ri gl￿huhqw jhqhudwlrqv jhw djjuhjdwhg lq wkh srolwlfdo surfhvv1 Lq pdq|
vrflhwlhv/ gl￿huhqw djh0jurxsv￿wkh rog/ lq sduwlfxodu￿kdyh zhoo0rujdql}hg lqwhu0
hvw jurxsv wkdw oree| dqg wdnh rwkhu srolwlfdo dfwlrq wr vxssruw srolflhv ehqh￿wwlqj
wkhlu phpehuv1 Urwhpehuj +4<<3, glvfxvvhv wkh uhsd|phqw ri jryhuqphqw ghew
dv wkh rxwfrph ri edujdlqlqj ehwzhhq olylqj jhqhudwlrqv1 Jurvvpdq dqg Khos0
pdq +4<<9, irupxodwh d g|qdplf prgho ri lqwhujhqhudwlrqdo uhglvwulexwlrq zkhuh
srolf| frpplwphqwv duh djdlq qrw ihdvleoh1 Lq wkh prgho/ suhvvxuh jurxsv ri oly0
lqj jhqhudwlrqv pdnh frqwulexwlrqv wr wkh jryhuqphqw frqglwlrqdo rq wkh vxssruw
jlyhq wr wkhlu phpehuv1 Wkh prgho kdv pxowlsoh h{shfwdwlrqdo htxloleuld/ zklfk
uhplqg ri wkh htxloleuld lq fdslwdo wd{dwlrq vwxglhg lq Vhfwlrq 81 Exw lw lv wkh
h{shfwdwlrqv ri wkh fxuuhqw jryhuqphqw￿udwkhu wkdq wkh h{shfwdwlrqv ri sulydwh
djhqwv￿derxw wkh srolf| ri wkh qh{w jryhuqphqw wkdw lqwurgxfh wkh vhoi0ixo￿oolqj
surshuw|1 Rqh fdq hdvlo| hqg xs lq d yhu| edg htxloleulxp/ zkhuh wkh suhvvxuh
jurxsv jhw hqjdjhg lq d yhu| vwl￿ dqg frvwo| frpshwlwlrq iru srolf| idyruv dqg
zkhuh fdslwdo irupdwlrq vx￿huv1
9181 Qrwhv rq wkh olwhudwxuh
D kxjh olwhudwxuh ghdov zlwk wkh srolwlfv rq jryhuqphqw gh￿flwv1 Khuh zh rqo|
uhihu wr wkh pruh uhfhqw frqwulexwlrqv/ wkdw w|slfdoo| vwxg| jhqhudo htxloleulxp
prghov zlwk udwlrqdo yrwhuv dqg srolwlfldqv1 D eurdghu vxuyh| ri wkh sxeolf fkrlfh
olwhudwxuh lv Pxhoohu +4<;<,1 Pxfk ri wkh prghuq pdfurhfrqrplf olwhudwxuh rq
sxeolf ghew lv vxuyh|hg lq Dohvlqd dqg Shurwwl +4<<8d,1
Wkh lghd wkdw srolwlfdo lqvwdelolw| lqgxfhv d jryhuqphqw wr xvh sxeolf ghew
vwudwhjlfdoo|/ wr lq xhqfh wkh ixwxuh srolflhv ri klv rssrqhqw/ zdv ￿uvw lqghshq0
ghqwo| vwxglhg e| Dohvlqd dqg Wdehoolql +4<<3, dqg Shuvvrq dqg Vyhqvvrq +4<;<,1
Wkh prgho ri Vhfwlrq 914 lv uhodwhg wr Dohvlqd dqg Wdehoolql +4<<3,/ zkloh Shuvvrq
dqg Vyhqvvrq +4<;<, vwxglhg d prgho zkhuh sduwlhv glvdjuhh rq wkh ryhudoo vl}h
:9+dv rssrvhg wr wkh frpsrvlwlrq, ri sxeolf vshqglqj1 Vlqfh wkhq/ pdq| rwkhu sd0
shuv kdyh dssolhg wklv lghd wr lqwhuwhpsrudo ￿vfdo srolf|1 Lq sduwlfxodu/ Wdehoolql
dqg Dohvlqd +4<<3, surylgh d jhqhudol}dwlrq ri wkhvh uhvxowv/ Dohvlqd dqg Wdehoolql
+4<;<, vwxg| fdslwdo  ljkw dqg h{whuqdo eruurzlqj/ Wdehoolql +4<<3, orrnv dw wkhvh
prghov lq wkh frqwh{w ri lqwhuqdwlrqdo srolf| frruglqdwlrq/ Jod}hu +4<;<, dssolhv
wkh vdph lghd wr wkh fkrlfh ri gxudwlrq lq sxeolf lqyhvwphqw/ Fxnlhupdq/ Hgzdugv
dqg Wdehoolql +4<<5, dqdo|}h wd{ uhirupv iurp wklv srlqw ri ylhz dqg surylgh hp0
slulfdo hylghqfh wkdw srolwlfdo lqvwdelolw| lv dvvrfldwhg zlwk pruh lqh!flhqw wd{
v|vwhpv/ Urxelql dqg Vdfkv +4<;<,/ Julool/ Pdvfldqgdur dqg Wdehoolql +4<<4,/
R}ohu dqg Wdehoolql +4<<4, dqg Odpehuwlql +4<<9, dqdo|}h wkh hpslulfdo hylghqfh1
Ilqdoo|/ wkh uhvxow wkdw sxeolf ghew srolflhv dovr d￿hfw wkh uh0hohfwlrq suredelolw|
zdv ￿uvw vwxglhg lq wklv frqwh{w e| Djklrq dqg Erowrq +4<<3,1 Prgholqj wkh yrwhuv
suhihuhqfhv dv hqwdlolqj d wudgh0r￿ ehwzhhq hfrqrplf dqg qrq0hfrqrplf glphq0
vlrqv/ dv zh gr lq Vhfwlrq 914/ lv d frpprq vwudwhj| lq vrph ri wklv olwhudwxuh￿vhh
lq sduwlfxodu Olqgehfn dqg Zhlexoo +4<;:,1
Wkh g|qdplf ￿frpprq srro￿ sureohp kdv d orqj klvwru|1 Lw kdv ehhq vwxglhg
lq lqgxvwuldo rujdql}dwlrq/ zkhuh lw uhihuv wr g|qdplf jdphv dprqj roljrsrolvwv
idflqj dq h{kdxvwleoh uhvrxufh/ vxfk dv dq rlo ￿hog ru d ￿vkhu| +Ohykdul dqg Plu0
pdq +4<;3,/ Ehqkdele dqg Udgqhu +4<<5,,1 Lq ￿vfdo srolf|/ lw zdv vwxglhg e|
Wdehoolql +4<;:, lq d g|qdplf jdph ri prqhwdu| dqg ￿vfdo srolf| frruglqdwlrq/
dqg e| Yhodvfr +4<<9, lq d vhwwlqj pruh vlplodu wr wkdw ri wklv prgho1 Wklv lghd
lv dovr dw wkh fruh ri wkh pruh hpslulfdoo| rulhqwhg olwhudwxuh rq exgjhwdu| sur0
fhgxuhv/ vxfk dv Dohvlqd dqg Shurwwl +4<<8d,/ yrq Kdjhq dqg Kdughq +4<<7,/ dqg
Kdoohuehuj dqg yrq Kdjhq +4<<:,1 Wkhuh lv dovr dq lqwhuhvwlqj +pdlqo| hpslulfdo,
olqh ri uhvhdufk/ wkdw kdv lqyhvwljdwhg wkh h￿hfwv ri ydulrxv uhvwulfwlrqv rq jryhuq0
phqw eruurzlqj1 Prvw ri wklv olwhudwxuh kdv vwxglhg wkh ydulhw| ri lqvwlwxwlrqdo
duudqjhphqwv lq XV vwdwhv1 Vhh iru lqvwdqfh Erkq dqg Lqpdq +4<<9,/ Srwhued
+4<<7,/ Hlfkhqjuhhq dqg yrq Kdjhq +4<<9,1
Wkh prgho ri ghod|hg vwdelol}dwlrqv lv gxh wr Dohvlqd dqg Gud}hq +4<<4,/ zkr
lq wxuq kdyh hoderudwhg rq hduolhu lghdv e| Uloh| +4<;3, dqg Eolvv dqg Qdohex￿
+4<;7,1 Vlqfh wkhq/ wkh prgho kdv ehhq h{whqghg lq vhyhudo gluhfwlrqv/ dprqj
rwkhuv/ e| Gud}hq dqg Julool +4<<5,/ Fdvhood dqg Hlfkhqjuhhq +4<<8, dqg Dohvlqd
dqg Shurwwl +4<<8e,1
Ilqdoo|/ d odujh olwhudwxuh ghdov zlwk lqwhujhqhudwlrqdo uhglvwulexwlrq1 Ehvlghv
wkh sdshuv txrwhg lq wkh suhylrxv vxevhfwlrq/ d vhsdudwh olqh ri uhvhdufk kdv
lqyhvwljdwhg wkh vxvwdlqdelolw| ri vrfldo0vhfxulw| v|vwhpv lq uhsxwdwlrqdo prghov
+Nrwolnr￿/ Shuvvrq dqg Vyhqvvrq +4<;;,/ Erogulq dqg Uxvwlfklql +4<<9,1
::Sduw LLL
Srolwlfv dqg Jurzwk
Glvwruwhg ￿vfdo srolflhv/ vxfk dv wkrvh hphujlqj iurp wkh srolwlfdo htxloleuld lq
Sduw LL/ duh olnho| wr d￿hfw hfrqrplf shuirupdqfh1 Lw lv wkhuhiruh qdwxudo wr dvn
zkhwkhu srolwlfdo idfwruv dqg srolwlfdo lqvwlwxwlrqv duh fruuhodwhg zlwk orqj0uxq
hfrqrplf jurzwk1 Khuh/ wrr/ wkhuh duh vrph vw|ol}hg idfwv1 Prvw qrwdeo|/ diwhu
frqwuroolqj iru wkh frqyhqwlrqdo ghwhuplqdqwv ri jurzwk=
+l, Lqhtxdolw| lq wkh glvwulexwlrq ri lqfrph ru zhdowk lv vljql￿fdqwo| dqg qhj0
dwlyho| fruuhodwhg zlwk vxevhtxhqw jurzwk lq furvv0frxqwu| gdwd1 Rq wkh rwkhu
kdqg/ wkh hylghqfh rq wkh h￿hfw ri jurzwk rq wkh glvwulexwlrq ri lqfrph +wkh
Nx}qhwv fxuyh, lv txlwh pl{hg/ erwk lq furvv vhfwlrq dqg wlph vhulhv gdwd1 89
+ll, Srolwlfdo lqvwdelolw|/ dv phdvxuhg e| pruh iuhtxhqw uhjlph fkdqjhv/ ru
srolwlfdo xquhvw dqg ylrohqfh/ lv vljql￿fdqwo| dqg qhjdwlyho| fruuhodwhg zlwk jurzwk
lq furvv0frxqwu| gdwd18:
+lll, Ehwwhu surwhfwlrq ri surshuw| uljkwv lv srvlwlyho| dqg vljql￿fdqwo| fruuh0
odwhg zlwk wkh jurzwk1 Zkhuhdv srolwlfdo uljkwv dqg wkh lqflghqfh ri ghprfudf| lv
vwurqjo| fruuhodwhg zlwk wkh ohyho ri lqfrph/ wkhuh duh qr urexvw ￿qglqjv uhjduglqj
wkh h￿hfw ri ghprfudf| rq hfrqrplf jurzwk1 8;
D uhfhqw olwhudwxuh kdv wulhg wr h{sodlq wkhvh uhjxodulwlhv lq d vhwwlqj zkhuh
erwk hfrqrplf jurzwk dqg ￿vfdo srolflhv duh hqgrjhqrxv1 Vhfwlrq : vxuyh|v wklv
olwhudwxuh1
:1 Ilvfdo srolf| dqg jurzwk
Vxevhfwlrq :14 looxvwudwhv krz lqfrph lqhtxdolw| fdq surgxfh d qhjdwlyh h￿hfw
rq lqyhvwphqw dqg jurzwk/ ehfdxvh lw surylghv vwurqjhu lqfhqwlyhv iru uhglvwule0
xwlyh srolflhv wkdw kxuw jurzwk0surprwlqj lqyhvwphqw1 Wklv lghd zdv vxjjhvwhg
e| Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql +4<<7f,1 Dv lq wkhvh
89Wklv ￿qglqj zdv ￿uvw rewdlqhg e| Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql
+4<<7e,1 Iru d uhfhqw dqg frpsuhkhqvlyh vxuyh| ri wkh hpslulfdo hylghqfh rq lqhtxdolw| dqg
jurzwk/ vhh Shurwwl +4<<9,1
8:Rq wklv srlqw vhh Dohvlqd/ R}ohu/ Urxelql dqg Vzdjho +4<<9, dqg Eduur +4<<4,1
8;Rq wkh uhodwlrq ehwzhhq surshuw| uljkwv dqg jurzwk vhh Nqdfn dqg Nhhihu +4<<8,1 D vxuyh|
ri wkh yroxplqrxv olwhudwxuh rq wkh olqnv iurp ghprfudf| wr jurzwk fdq eh irxqg lq Su}hzruvnl
dqg Olprqjl +4<<6,1
:;sdshuv￿dqg d juhdw ghdo ri vxevhtxhqw zrun￿zh uho| rq d vlpsoh phgldq0yrwhu
prgho lqvsluhg e| Urehuwv +4<::, dqg Phow}hu dqg Ulfkdugv +4<;4,1 Vxevhfwlrq
:15 wkhq looxvwudwhv krz srolwlfdo lqvwdelolw| fdq kxuw jurzwk/ e| lqgxflqj wkh lq0
fxpehqw jryhuqphqw wr iroorz pruh p|rslf srolflhv/ dv lq wkh zrun e| Vyhqvvrq
+4<<6, dqg Ghyhuhx{ dqg Zhq +4<<9,1 Wkh dujxphqw khuh lv forvho| uhodwhg wr
wkdw rq vwudwhjlf ghew srolf| lq Vhfwlrq 9141 Ilqdoo|/ Vxevhfwlrq :16 eulh | glv0
fxvvhv krz edg surwhfwlrq ri surshuw| uljkwv pd| kxuw lqyhvwphqw dqg jurzwk/ dv
lq Wruqhoo dqg Yhodvfr +4<<5, dqg Ehqkdele dqg Uxvwlfklql +4<<9,1 Wkh xqghu0
o|lqj lghdv duh forvho| uhodwhg wr wkh g|qdplf frpprq0srro sureohp glvfxvvhg lq
Vhfwlrq 9151
:141 Lqhtxdolw| dqg Jurzwk
Frqvlghu djdlq d wzr0shulrg hfrqrp| lqkdelwhg e| d frqwlqxxp ri khwhurjhqrxv
djhqwv1 Hyhu|rqh kdv wkh vdph txdvl0olqhdu suhihuhqfhv ryhu sulydwh frqvxpswlrq
lq shulrgv ￿ dqg 2 dqg ryhu jryhuqphqw +shu fdslwd, frqvxpswlrq lq shulrg 2￿
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zkhuh &￿ lv sulydwh lqyhvwphqw/ ￿ dqg w oxps0vxp dqg fdslwdo wd{hv/ dqg ￿EU￿
wkh jurvv uhwxuq wr sulydwh fdslwdo/ zklfk lv lqfuhdvlqj lq sxeolf lqyhvwphqw U1Z h
devwudfw iurp fuhglelolw| sureohpv> wkh jryhuqphqw fdq frpplw wr wkhvh srolf|
lqvwuxphqwv ehiruh sulydwh fdslwdo dffxpxodwlrq1 Ilqdoo|/ e￿ lv wkh hqgrzphqw ri
djhqw ￿￿ Wkhvh hqgrzphqwv duh glvwulexwhg lq wkh srsxodwlrq zlwk phdq e dqg
d glvwulexwlrq ixqfwlrq iru wkh lglrv|qfudwlf sduw 8Ee￿ ￿ e￿￿ Wr sur{| hpslulfdo
lqfrph glvwulexwlrqv/ zh dvvxph wkdw 8 lv vnhzhg wr wkh uljkw= wkh phgldq ydoxh
ri e￿ ￿ ec odehohg e6 ￿ e dqg gh￿qhg e| 8Ee6 ￿ e￿’￿ * 2 clv qhjdwlyh￿
Dvvxplqj d edodqfhg exgjhw lq hyhu| shulrg/ wkh jryhuqphqw exgjhw frq0
vwudlqw lq shu fdslwd whupv lv=
U ’ ￿ +:16,
} ’ w￿EU￿&c +:17,
:<zkhuh & ghqrwhv shu fdslwd +dyhudjh, fdslwdo1 Iroorzlqj wkh dssurdfk ri Vhfwlrq
814/ zh fdq ghulyh htxloleulxp sulydwh lqyhvwphqw iurp +:14,0+:16, dv=
&
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￿￿e ￿ c
zkhuh wkh frpprq lqyhvwphqw ixqfwlrq vdwlv￿hv gw ￿ f dqg gU : f￿ Lw lv djdlq
frqyhqlhqw wr h{suhvv wkh xwlolw| iurp sulydwh frqvxpswlrq dv dq lqgluhfw xwlolw|
ixqfwlrq gh￿qhg ryhu wkh srolf| yduldeohv=
a
￿EwcUce
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E| wkh hqyhorsh wkhruhp/ wkh gluhfw zhoiduh frvw ri wkh fdslwdo wd{ aw ’ ￿￿EU￿g lv
qhjdwlyh1 Pruhryhu/ wkh zhoiduh h￿hfw ri sxeolf lqyhvwphqw/ aU ’ ￿LSnE￿￿w￿￿Ug
/ lv prqrwrqlfdoo| ghfuhdvlqj lq U +e| LSS ￿ f dqg ￿UU ￿ f￿￿ Vxevwlwxwlqj +:17,
lqwr +:14, dqg xvlqj +:16,/ zh rewdlq lqglylgxdo ￿ srolf| suhihuhqfhv ryhu wkh wzr





Wkhvh srolf| suhihuhqfhv duh olqhdu lq wkh lglrv|qfudwlf yduldeoh e￿￿ Wkh| wkhuh0
iruh ixo￿oo d prqrwrqlflw| +vlqjoh0furvvlqj, frqglwlrq/ vxfk wkdw wkh suhihuuhg sro0
lf| ri wkh djhqw zlwk hqgrzphqw e6 zloo eh d Frqgrufhw zlqqhu/ hyhq wkrxjk
wkh srolf| vsdfh lv wzr0glphqvlrqdo1 Li zh lpdjlqh wkdw srolf| ghflvlrqv duh wdnhq
dw wkh ehjlqqlqj ri shulrg 4 e| gluhfw ghprfudf|/ wkh zlqqlqj sursrvdo lv wkxv
wkh srolf| suhihuuhg e| wklv ghflvlyh yrwhu1 Li wkh vhfrqg0rughu frqglwlrqv duh
ixo￿oohg/8< wkh htxloleulxp ydoxhv iru U dqg w wkxv vdwlvi|=
aU n M}wEg￿U n￿gU￿nE e
6￿e ￿E￿ ￿ w￿￿U ’f +:19,
aw n M}￿Eg n wgw￿￿Ee
6 ￿e￿￿ ’f ￿
Wr xqghuvwdqg wkhvh frqglwlrqv/ ￿uvw dvvxph wkdw wkh glvwulexwlrq lv v|pphwulf/
vr wkdw e6 ’ e￿ Wkhq wkh wklug whupv lq erwk frqglwlrqv duh }hur/ dqg +:18,
fkdudfwhul}hv wkh rswlpdo srolf| iru wkh dyhudjh djhqw/ zklfk￿e| txdvl0olqhdu
suhihuhqfhv￿zrxog eh fkrvhq e| d xwlolwduldq sodqqhu1 Wkh ￿uvw frqglwlrq vd|v
8<Dv lq doo rswlpdo wd{dwlrq sureohpv/ wklv dvvxpswlrq lv qrw qhfhvvdulo| lqqrfxrxv/ exw fdq
lqyroyh uhvwulfwlyh dvvxpswlrqv rq xqghuo|lqj ixqfwlrqdo irupv1
;3wkdw lw lv rswlpdo wr surylgh pruh sxeolf lqyhvwphqw wkdq zrxog pd{lpl}h sulydwh
lqgluhfw xwlolw| +l1h1 aU ￿ f￿ gxh wr wkh ehqh￿fldo h￿hfwv rq wkh ixwxuh wd{ edvh
dqg khqfh rq sxeolf vshqglqj +li sxeolf ghew zhuh doorzhg wklv uhvxow zrxog eh gli0
ihuhqw,1 Wkh vhfrqg frqglwlrq htxdwhv wkh dyhudjh sulydwh pdujlqdo frvw ri udlvlqj
uhyhqxh Eaw ￿ f￿ zlwk wkh pdujlqdo ehqh￿w lw jhqhudwhv yld sxeolf frqvxpswlrq1
Exw li e6 ￿e cuhglvwulexwlyh h￿hfwv frph lqwr sod|1 Wkh ghflvlyh yrwhu*v fdslwdo
idoov vkruw ri dyhudjh fdslwdo e| h{dfwo| Ee6 ￿ e￿￿ Wklv lpsolhv wkdw U lv vpdoohu
dqg w lv kljkhu wkdq lq wkh k|srwkhwlfdo sodqqlqj vroxwlrq1 Wkh uhdvrq lv wkdw
wkh ghflvlyh yrwhu grhv qrw ehqh￿w iurp sxeolf lqyhvwphqw dv pxfk dv wkh dyhudjh
fdslwdo kroghu/ dqg kh dovr grhv qrw vx￿hu dv pxfk iurp fdslwdo wd{hv1 Wr vhh wklv
irupdoo|/ qrwlfh wkdw wkh wklug whup lq wkh ￿uvw htxdwlrq ri +:18, lv qhjdwlyh dqg
wkh wklug whup lq wkh vhfrqg htxdwlrq lv srvlwlyh1 E| wkh vhfrqg0rughu frqglwlrqv/
U kdv wr eh orzhu dqg w kdv wr eh kljkhu wkdq lq wkh vrfldo sodqqhu*v vroxwlrq1
Zh wkxv vhh wkdw lqhtxdolw| kdpshuv jurzwk yld wzr gl￿huhqw fkdqqhov1 Wkh
jurzwk udwh iurp shulrg ￿ wr shulrg 2c jlyhq e| d￿EU￿gEwcU￿*eo￿￿c lv lqfuhdvlqj
lq U +erwk gluhfwo| dqg lqgluhfwo|, dqg ghfuhdvlqj lq w￿ Ixuwkhupruh/ wkh kljkhu lv
lqhtxdolw|/ dv phdvxuhg e| wkh glvwdqfh ehwzhhq phgldq dqg dyhudjh lqfrph/ wkh
orzhu lv jurzwk dv htxloleulxp sxeolf lqyhvwphqw lv vpdoohu dqg fdslwdo wd{dwlrq￿
dv zhoo dv jryhuqphqw frqvxpswlrq￿lv kljkhu1
Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql +4<<7e, ghyhorshg wklv
nlqg ri uhgxfhg0irup suhglfwlrq lq uhodwhg exw h{solflwo| g|qdplf prghov1 Zkhuhdv
Shuvvrq dqg Wdehoolql +dv zh kdyh grqh, irfxvhg rq wkh vl}h glvwulexwlrq ri lqfrph/
Dohvlqd dqg Urguln irfxvhg rq wkh ixqfwlrqdo glvwulexwlrq ri lqfrph ehwzhhq oderu
dqg fdslwdo1 Erwk sdshuv dovr wrrn wkh uhgxfhg irup suhglfwlrq wr wkh gdwd￿khuh
Dohvlqd dqg Urguln wrr orrn dw wkh vl}h glvwulexwlrq ri lqfrph1 Dqg wkh| lqghhg
irxqg d vwurqj qhjdwlyh h￿hfw ri lqhtxdolw| rq jurzwk lq d furvv vhfwlrq ri srvw0zdu
gdwd iurp d eurdg vdpsoh ri frxqwulhv193
Wkhvh sdshuv vwlpxodwhg d erg| ri vxevhtxhqw zrun vfuxwlql}lqj erwk wkh
hpslulfdo dqg wkh wkhruhwlfdo dujxphqw1 Zkhuhdv wkh uhgxfhg0irup uhodwlrq iurp
lqhtxdolw| wr jurzwk lqghhg vhhpv hpslulfdoo| urexvw/ wkh vwuxfwxudo olqnv lpsolhg
e| wkh wkhru| kdyh qrw jhqhudoo| irxqg vxssruw lq odwhu hpslulfdo zrun194 Wkxv/ lw
kdv ehhq kdug wr lghqwli| erwk wkh lpsolhg olqn iurp lqhtxdolw| wr uhglvwulexwlrq
93Shuvvrq dqg Wdehoolql +4<<7e, dovr irxqg d vlplodu uhodwlrq lq d vpdoo klvwrulfdo sdqho ri
lqgxvwuldol}hg frxqwulhv zlwk gdwd jrlqj edfn wr wkh odwh 4<wk fhqwxu|1
94Odwhu hpslulfdo zrun edvhg rq ehwwhu gdwd kdv dovr txhvwlrqhg dq hpslulfdo ￿qglqj e|
Shuvvrq dqg Wdehoolql +4<<7e, wkdw zdv lqwhusuhwhg dv jlylqj lqgluhfw vxssruw iru wkh wkhru|/
qdpho| wkdw wkh uhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk zdv rqo| suhvhqw lq ghprfudflhv dqg
qrw lq glfwdwruvklsv1
;4dqg wkh olqn iurp uhglvwulexwlrq wr jurzwk/ dv hpskdvl}hg lq wkh uhfhqw vxuyh|v
e| Shurwwl +4<<9, dqg Ehqderx +4<<9,1 Wkh prgho lq wklv vhfwlrq vxjjhvwv wkdw
wkhvh olqnv frxog eh suhww| vxewoh/ krzhyhu +zlwk rssrvlwh h￿hfwv ri lqhtxdolw|
rq jryhuqphqw frqvxpswlrq dqg lqyhvwphqw/ iru h{dpsoh/ dqg dpeljxrxv h￿hfwv
rq wrwdo jryhuqphqw vshqglqj,1 Pruhryhu/ wkh idloxuh wr ￿qg d urexvw olqn iurp
wd{ udwhv dqg uhglvwulexwlrq rq hfrqrplf jurzwk lv d sureohp iru frqyhqwlrqdo
jurzwk wkhru|/ qrw mxvw iru srolwlfdo wkhrulhv ri jurzwk1 Wkh olwhudwxuh kdv dovr
kdv vhdufkhg iru rwkhu uhdvrqv zk| lqhtxdolw| dqg jurzwk pd| eh lqyhuvho| uhodwhg1
Shurwwl +4<<9, vwuhvvhv wkdw rqh olqn pd| uxq yld srolwlfdo lqvwdelolw| ru yld rwkhu/
qrq0srolwlfdo/ fkdqqhov vxfk dv hgxfdwlrq1 Ehqderx fryhuv d zkroh udqjh ri uhfhqw
wkhruhwlfdo zrun vkrzlqj wkdw wkh olqnv ehwzhhq lqfrph glvwulexwlrq/ srolf| dqg
jurzwk pd| uxq lq gl￿huhqw gluhfwlrqv1 Iru lqvwdqfh/ uhglvwulexwlrq pd| surprwh
jurzwk zkhq djhqwv duh fuhglw frqvwudlqhg/ ru zkhq lw surprwhv hgxfdwlrq1
:151 Srolwlfdo Lqvwdelolw| dqg Jurzwk
Zh qrz prgli| wkh suhylrxv prgho dv iroorzv1 Iluvw/ hyhu| sulydwh djhqw kdv
wkh vdph ￿uvw0shulrg hqgrzphqw= wkdw lv/ e￿ ’ e dqg wkh dyhudjh lqyhvwphqw
ixqfwlrq gEwcU￿ dssolhv iru hyhu|rqh1 Lqvwhdg/ dv lq Vhfwlrq 914/ djhqwv ehorqj wr
wzr gl￿huhqw jurxsv/ _ dqg oc dqg sxeolf vshqglqj lv ri hlwkhu ri wzr w|shv= }_
+ehqh￿wwlqj rqo| wkh _ jurxs, ru }o +ehqh￿wwlqj rqo| wkh o jurxs,1
Vhfrqg/ dqg djdlq iroorzlqj Vhfwlrq 914/ srolf| lv qrw vhw e| pdmrulw| uxoh exw
e| dq lqfxpehqw jryhuqphqw ( wkdw dfwv vr dv wr pd{lpl}h wkh xwlolw| ri jurxs
_ djhqwv1 Wkh lqfxpehqw pd| eh uhsodfhg e| dq dowhuqdwlyh jryhuqphqw - lq wkh
ixwxuh1 Iru vlpsolflw|/ zh wdnh wkh uh0hohfwlrq suredelolw| E￿ ￿ ￿￿ dv h{rjhqrxv1
Lw lv qdwxudo wr lqwhusuhw ￿ dv d phdvxuh ri srolwlfdo lqvwdelolw|1
Wklug/ wr lqwurgxfh d phdqlqjixo srolf| fkrlfh lq shulrg 5/ srolflhv duh fkrvhq
vhtxhqwldoo|1 Wkxv/ sxeolf lqyhvwphqw U lv fkrvhq lq shulrg ￿c ehiruh sulydwh
fdslwdo/ dqg wkh fdslwdo wd{ udwh w lv fkrvhq lq shulrg 21 Wr dyrlg wkh fdslwdo0ohy|
sureohp glvfxvvhg lq Vhfwlrq 8/ zh dvvxph wkdw lq shulrg 5 wkh sulydwh vhfwru
fdq vwloo dyrlg vrph ri wkh wd{/ wkrxjk dw d frvw/ e| uhdoorfdwlqj vrph ri lwv
dffxpxodwhg fdslwdo wr d qrq0wd{hg dvvhw zlwk d orzhu uhwxuq1 Zh frxog wklqn
ri wklv dv wd{ dyrlgdqfh/ ru fdslwdo  ljkw1 D frqyhqlhqw irupxodwlrq/ iroorzlqj
Shuvvrq dqg Wdehoolql +4<<5,/ lv wr uhzulwh wkh shulrg05 exgjhw frqvwudlqw dv=
S2 ’E ￿￿w ￿ ￿ E U ￿E& ￿ s￿ns￿￿E s￿ c
zkhuh ￿Es￿ lv d frqfdyh dqg lqfuhdvlqj ixqfwlrq ri wkh dprxqw s vklhoghg iurp
wd{dwlrq dqg zkhuh zh kdyh uhfrjql}hg wkdw hyhu|erg| pdnhv wkh vdph vdylqjv
;5ghflvlrq1 Lw lv hdv| wr vkrz wkdw dyhudjh vdylqjv duh vwloo jlyhq e| wkh ixqfwlrq
gEwcU￿ dqg wkdw wd{ dyrlgdqfh lv jlyhq e| wkh ixqfwlrq 8EwcU￿ zlwk 8w : f
dqg 8U ￿ f￿95 Wkh jryhuqphqw*v wd{ edvh fdq wkxv eh zulwwhq dv d ixqfwlrq
gEwcU￿ ￿ ￿EU￿gEwcU￿ ￿ 8EwcU￿￿ Wkh h{ dqwh surshuwlhv ri wklv ixqfwlrq +wkdw
lv iurp wkh ylhzsrlqw ri shulrg 4, duh wkh vdph dv ehiruh= ghfuhdvlqj lq w dqg
lqfuhdvlqj lq U￿ Lq shulrg 5/ zkhq g dqg U duh jlyhq iurp suhylrxv ghflvlrqv/
wkh h{ srvw wd{ edvh g
2
EwcU￿ lv vwloo ghfuhdvlqj lq w exw zlwk d vpdoohu vorsh
+lqwhuwhpsrudo vxevwlwxwlrq srvvlelolwlhv duh holplqdwhg,1
Wkh erwwrp olqh diwhu wkhvh prgl￿fdwlrqv lv vlplodu wr wkh suhylrxv vhfwlrq=
zh fdq zulwh wkh h{ dqwh lqgluhfw xwlolw| ri dq djhqw lq jurxs ￿ dv
￿
￿ ’ aEwcU￿nME }
￿￿’aE wcU￿nME w gE wcU￿￿￿ +:1:,
Zh fdq dovr gh￿qh h{ srvw lqgluhfw xwlolw| +iru jlyhq g dqg U￿ dv a2EwcU￿n
M E w g
2
E wcU￿￿￿ Erwk aEwcU￿ dqg a2EwcU￿ kdyh wkh vdph txdolwdwlyh surshuwlhv dv
wkh fruuhvsrqglqj ixqfwlrq lq Vhfwlrq :141
Dq| jryhuqphqw kroglqj srzhu lq shulrg 5 vshqgv doo uhyhqxh rq wkh sxeolf









zklfk kdv wkh vdph lqwhusuhwdwlrq dv wkh vhfrqg frqglwlrq lq +:18,1 Wkxv/ erwk
survshfwlyh jryhuqphqwv zloo vhw wkh vdph wd{ udwh1 Frqglwlrq +:1:, lpsolflwo|












Xqohvv M lv yhu| frqfdyh/ wU : fc dv wkh qxphudwru lv srvlwlyh dqg wkh ghqrplqdwru
lv qhjdwlyh +e| wkh vhfrqg0rughu frqglwlrq,1 Sxeolf lqyhvwphqw hqodujhv wkh wd{
edvh dqg wklv gulyhv xs wkh rswlpdo wd{ udwh1
Wkh lqfxpehqw ( jryhuqphqw lq shulrg 4 fkrrvhv U vr dv wr pd{lpl}h=
.E￿
_￿’￿aEwEU￿cU￿nE ￿￿￿￿daEwEU￿cU￿nME wE U￿ gE wE U￿ cU￿￿o’
aE w E U ￿ cU￿nE ￿￿￿￿dMEwEU￿gEwEU￿cU￿￿o￿
95Wkh ￿uvw0rughu frqglwlrq iru rswlpdo wd{ dylrgdqfh lv iru wkh frqvxphu wr vhw D+L,+4￿￿,￿
4.P i+i,@3 =Zkhq wklv frqglwlrq lv lqyhuwhg/ zh jhw wkh ghvluhg wd{ dyrlgdqfh ixqfwlrq1
;6Zh fdq uhzulwh wkh ￿uvw0rughu frqglwlrq wr wklv sureohp zlwk +:1:,/ uhfrjql}lqj
wkdw a2
w ’ awc dqg g
2
’ g dw wkh htxloleulxp wd{ udwh1 Vrph dgglwlrqdo dojheud
jlyhv=
aU n M}dwgU n wEgw ￿ g
2
w￿wUo ￿ ￿M }dwgU nwUEgnwgw￿o ’ f￿ +:1<,
Vxssrvh ￿uvw wkdw ( lv fhuwdlq wr eh uh0hohfwhg= ￿ ’f ￿Wkhq wkh rswlpdo fkrlfh ri
U erlov grzq wr wkh idploldu zhljkwlqj ri sulydwh zhoiduh +wkh ￿uvw whup, djdlqvw
jryhuqphqw uhyhqxh +wkh vhfrqg whup,/ zkhuh wkh odwwhu duh ixoo| lqwhuqdol}hg
dv wkh jryhuqphqw lv fhuwdlq wr uhpdlq lq r!fh1 Wkh uhvxowlqj frqglwlrq lv wkh
vdph dv wkh vhfrqg frqglwlrq lq +:18, ri wkh suhylrxv vxevhfwlrq/ dgmxvwhg iru
wkh gl￿huhqw wlplqj ri wd{ srolf| dqg iru wkh odfn ri khwhurjhqhlw|1 Exw zkhq uh0
hohfwlrq lv xqfhuwdlq/ ￿:f cixwxuh jryhuqphqw uhyhqxh lv ohvv ydoxdeoh dqg srolf|
p|rsld vhwv lq1 Dv wkh wklug whup lq +:1;, lv qhjdwlyh/ d kljkhu suredelolw| ￿ ri
orvlqj r!fh pdnhv sxeolf lqyhvwphqw ohvv dwwudfwlyh dqg uhgxfhv lw lq htxloleulxp1
Kljkhu lqvwdelolw| qrw rqo| gudzv grzq sxeolf lqyhvwphqw/ exw uhgxfhv jurzwk
lq wklv prgho1 Vhfrqg shulrg lqfrph/ S2 n } ’ ￿EU￿gEwcU￿￿￿E8EwcU￿￿/ xqdp0
eljxrxvo| jrhv grzq dv U idoov1 Wkh gluhfw qhjdwlyh h￿hfwv ri orzhu sxeolf lqyhvw0
phqw dqg wkh lqgluhfw qhjdwlyh h￿hfwv ri kljkhu zdvwh gxh wr pruh wd{ dyrlgdqfh
dozd|v rxwzhljk wkh srvlwlyh h￿hfwv ri wkh vpdoohu htxloleulxp fdslwdo wd{1
Pxfk ri wkh lqirupdo glvfxvvlrq ri zk| srolwlfdo lqvwdelolw| lv kdupixo iru
jurzwk vhhpv wr vxjjhvw d gluhfw h￿hfw ri xqfhuwdlqw| ru xqsuhglfwdelolw| rq sul0
ydwh lqyhvwphqw1 Zh nqrz/ krzhyhu/ wkdw xqfhuwdlqw| lq uhwxuqv kdv dpeljxrxv
h￿hfwv rq sulydwh lqyhvwphqw1 Khuh d gl￿huhqw phfkdqlvp lv dw zrun= srolwlfdo
lqvwdelolw| lqgxfhv pruh p|rslf ￿vfdo srolflhv/ zklfk lq wxuq fdxvh orzhu sxe0
olf lqyhvwphqw dqg jurzwk1 Wklv lv uhodwhg wr Vyhqvvrq +4<<6,/ zkr vkrzv wkdw
srolwlfdo lqvwdelolw| pd| pdnh d iruzdug0orrnlqj jryhuqphqw devwdlq iurp lp0
suryhphqwv lq wkh ohjdo v|vwhp wkdw hqirufhv sulydwh surshuw| uljkwv1 Kh dovr
￿qgv hpslulfdo vxssruw iru wklv lghd1 Srolwlfdo lqvwdelolw| +dv phdvxuhg e| Dohvlqd
hw do +4<<9,, lqghhg uhgxfhv wkh surwhfwlrq ri sulydwh surshuw| uljkwv +dv phdvxuhg
e| wkh vdph lqgh{ dv lq Nqdfn dqg Nhhihu +4<<8,, lq d zlgh furvv0frxqwu| vdpsoh1
Dqg frqwuroolqj iru surshuw| uljkwv surwhfwlrq/ srolwlfdo lqvwdelolw| gursv rxw ri d
furvv0frxqwu| lqyhvwphqw uhjuhvvlrq1 Wkh wkhruhwlfdo sdshu e| Ghyhuhx{ dqg Zhq
+4<<9, hpskdvl}hv d vrphzkdw gl￿huhqw phfkdqlvp= srolwlfdo lqvwdelolw| lqgxfhv
lqfxpehqw jryhuqphqwv wr ohdyh vpdoohu dvvhwv wr wkhlu vxffhvvruv/ wkhuhe| iruflqj
wkhp wr wd{ fdslwdo dw d kljkhu udwh> wkh h{shfwdwlrq ri kljkhu wd{hv gulyhv grzq
sulydwh lqyhvwphqw/ zklfk ohdyhv d vpdoohu wd{ edvh iru wkh vxffhvvru jryhuqphqw1
;7:161 Surshuw| Uljkwv dqg Jurzwk
Dv phqwlrqhg lq wkh lqwurgxfwlrq/ wkh gdwd vxssruw wkh lghd wkdw srru hqirufh0
phqw ri surshuw| uljkwv lv kdupixo iru lqyhvwphqw dqg jurzwk1 Wklv lghd lv dovr
ghulyhg iurp vrph uhfhqw wkhruhwlfdo zrun1 Ehqkdele dqg Uxvwlfklql +4<<9, vwxg|
d jurzwk prgho zkhuh wzr jurxsv wu| wr uhglvwulexwh frqvxpswlrq wrzdugv wkhp0
vhoyhv dw wkh h{shqvhv ri wkh hfrqrp|*v fdslwdo vwrfn1 Wkh| vkrz krz vxfk lq0
fhqwlyhv pd| dulvh erwk dw orz dqg kljk ohyhov ri lqfrph/ dqg krz wkh| pd| eh
h{dfhuedwhg e| juhdwhu lqhtxdolw| lq wkh wzr jurxsv* lqfrphv1 Wkhlu prgho de0
vwudfwv iurp wkh srolwlfdo phfkdqlvp dqg wkh fkdqqhov ri uhglvwulexwlrq/ krzhyhu1
Wruqhoo dqg Yhodvfr +4<<5, irfxv rq uhglvwulexwlrq wkurxjk wkh ￿vfdo srolf|
surfhvv lq d olqhdu +￿&￿ jurzwk prgho1 Wkhlu dujxphqw/ dv Ehqkdele dqg Uxvwl0
fklql*v/ lv dqrwkhu lqvwdqfh ri wkh frpprq srro sureohp glvfxvvhg lq vhfwlrq 9161
Wkh frpprq srro lv qrz d sduw ri wkh hfrqrp| fdslwdo vwrfn udwkhu wkdq wkh
jryhuqphqw wd{ edvh/ exw wkh lqfhqwlyh wr ryhu0h{sorlw wklv frpprq srro lv wkh
vdph1 Ehfdxvh wkh uhglvwulexwlrq lv vxssrvhg wr wdnh sodfh yld wkh jryhuqphqw
srolf| surfhvv/ wkh srruo| hqirufhg surshuw| uljkwv duh forvho| uhodwhg wr zhdn
jryhuqphqw1
Wruqhoo +4<<8, vwxglhv d uhodwhg prgho/ exw doorzv iru hqgrjhqrxv surshuw|
uljkwv1 Lq sduwlfxodu/ surshuw| uljkwv fdq eh fuhdwhg dqg ghvwur|hg dw d frvw1 Kh
vkrzv wkdw wkh hfrqrp| fdq jr wkurxjk d f|foh zlwk orz surshuw|0uljkwv surwhfwlrq
dw orz dqg kljk ohyhov ri lqfrph1 Li vr/ wklv sdwwhuq lv shuihfwo| iruhvhhq dqg ohdgv
wr judgxdoo| idoolqj jurzwk udwhv dw lqwhuphgldwh ohyhov ri lqfrph1
Odqh dqg Wruqhoo +4<<9, vkrz wkdw dq h{rjhqrxv srvlwlyh vkrfn gxh wr surgxf0
wlylw| ru wkh whupv ri wudgh pd| dfwxdoo| uhgxfh wkh jurzwk udwh lq dq hfrqrp|
zlwk srzhuixo lqwhuhvw jurxsv dqg srruo| gh￿qhg surshuw| uljkwv1 Wkh phfkdqlvp
lv djdlq d frruglqdwlrq idloxuh ehwzhhq wkh lqwhuhvw jurxsv/ zkhuhe| wkh lqlwldo
lqfuhdvh lq wkh lqfhqwlyhv wr lqyhvw duh pruh wkdq rxwzhljkhg e| dq lqfuhdvh lq
uhglvwulexwlyh wudqvihuv1 Vyhqvvrq +4<<9, surgxfhv d uhodwhg uhvxow/ zkhuh wkh lq0
fhqwlyhv ri wkh lqwhuhvw jurxsv wr krog edfn rq wkhlu ghpdqg iru wudqvihuv ydu|
qhjdwlyho| zlwk jryhuqphqw lqfrph1
:171 Qrwhv rq wkh Olwhudwxuh
Eh|rqg wkh sdshuv flwhg lq wkh wh{w/ hduo| frqwulexwlrqv wr wkh wkhru| ri lqfrph
glvwulexwlrq/ lqyhvwphqw dqg jurzwk zhuh pdgh e| Shurwwl +4<<6,/ zkr vwxglhg
kxpdq fdslwdo dffxpxodwlrq/ dqg wd{0￿qdqfhg vxevlglhv lq wkh suhvhqfh ri eru0
urzlqj frqvwudlqwv/ e| Ehuwrod +4<<6, zkr vwxglhg wd{ srolf| dqg wkh ixqfwlrqdo
;8glvwulexwlrq ri lqfrph/ e| Jorpp dqg Udylnxpdu +4<<5, zkr vwxglhg sulydwh
yhuvxv sxeolf surylvlrq ri hgxfdwlrq/ dqg e| Vdlqw0Sdxo dqg Yhuglhu +4<<6, zkr
dovr vwxglhg uhglvwulexwlyh srolflhv wkdw ￿qdqfh sxeolf hgxfdwlrq lq d vhwwlqj zlwk
zhdowk frqvwudlqhg lqglylgxdov1 Shurwwl +4<<9, dqg Ehqderx +4<<9, surylgh dg0
glwlrqdo uhihuhqfhv wr uhfhqw hpslulfdo zrun1 Ilqdoo|/ Fdedoohur dqg Kdppdprxu
+4<<9, irfxv rq wkh uhqwv fuhdwhg e| idfwru vshfl￿flw| dqg krz wkh glvwulexwlrq
ri wkrvh uhqwv d￿hfwv wkh lqfhqwlyhv wr lqyhvw1 Dv vwdwhg lq wkh wh{w/ ihz wkhr0
uhwlfdo prghov vshoo rxw wkh phfkdqlvpv zkhuhe| srolwlfdo lqvwdelolw| lv kdupixo
iru jurzwk1 Dv hpskdvl}hg e| Ehqderx +4<<9,/ wkhuh lv wkxv vfrsh iru qhz zrun
wr surylgh ehwwhu wkhruhwlfdo xqghuslqqlqjv iru wkh hpslulfdo ￿qglqjv1 Vkdushu
wkhru| lv dovr qhhghg wr vruw rxw wkh hpslulfdo fkdqqhov zkhuhe| srolwlfv lqwhudfwv
zlwk jurzwk1 Wklv lv qrw jrlqj wr eh hdv|/ krzhyhu/ jlyhq wkh vwurqj hpslulfdo
fruuhodwlrqv ehwzhhq lqhtxdolw|/ lqvwdelolw| dqg odfnlqj hqirufhphqw ri surshuw|
uljkwv1
Zh zdqw wr hqg zlwk d phwkrgrorjlfdo qrwh1 Lq wklv vhfwlrq/ dv lq wkh suhyl0
rxv rqh/ zh kdyh uholhg h{foxvlyho| rq vlpsoh wzr0shulrg h{dpsohv1 Wklv dyrlgv
d pdmru gl!fxow|= d ixoo0 hgjhg wuhdwphqw ri wkh g|qdplf lqwhudfwlrqv ehwzhhq
froohfwlyho| fkrvhq srolf| ghflvlrqv dqg lqfrph glvwulexwlrq udslgo| ehfrphv dq0
do|wlfdoo| frpsoh{1 Dv d uhvxow/ wkh g|qdplf prghov vwxglhg lq wkh olwhudwxuh
kdyh riwhq uholhg rq vlpsoli|lqj dvvxpswlrqv= g|qdplf olqnv duh dvvxphg dzd|
lq wkh prgho*v hfrqrplf vwuxfwxuh/ yrwlqj rqo| wdnhv sodfh dw dq lqlwldo srlqw lq
wlph udwkhu wkdq vhtxhqwldoo| ryhu wlph/ ru djhqwv duh dvvxphg wr eh p|rslf dqg
ljqruh vrph ri wkh g|qdplf lpsolfdwlrqv ri wkhlu dfwlrqv1 Wkh fohduhvw irupxod0
wlrq ri d jhqhudo vroxwlrq frqfhsw iru g|qdplf srolwlfdo prghov zlwk khwhurjhqrxv
djhqwv lv pdgh lq Nuxvhoo dqg Ulrv0Uxoo +4<<9,1 Wklv sdshu dovr pdnhv d frq0
wulexwlrq e| vkrzlqj krz wkh hqgrjhqrxv exlog xs ri yhvwhg lqwhuhvwv/ dv djhqwv
dftxluh prqrsro| vnloov lq rshudwlqj qhz whfkqrorjlhv/ fdq ohdg wr d jurzwk f|foh=
wkh srolwlfdo pdmrulw| dw gl￿huhqw srlqwv lq wlph zloo vkliw ehwzhhq ohvv dqg pruh
jurzwk0surprwlqj srolflhv1 Nuxvhoo/ Txdgulql dqg Ulrv0Uxoo +4<<7, vxuyh| sduwv
ri wkh olwhudwxuh rq srolwlfv dqg jurzwk iurp d phwkrgrorjlfdo dqjoh1 Wkh| dovr
vkrz krz wr jr iurp wkhlu sursrvhg vroxwlrq frqfhsw wr txdqwlwdwlyh +qxphulfdo,
dssolfdwlrqv1
;9Eleolrjudsk|
Djklrq/ S1/ dqg S1 Erowrq +4<<3,1 Jryhuqphqw grphvwlf ghew dqg wkh ulvn ri
d ghidxow= d srolwlfdo0hfrqrplf prgho ri d vwudwhjlf uroh ri ghew/ lq U1 Gruqexvfk
dqg P1 Gudjkl +hgv,/ Sxeolf Ghew Pdqdjhphqw= Wkhru| dqg Klvwru|/ Fdpeulgjh=
Fdpeulgjh Xqlyhuvlw| Suhvv1
Dohvlqd/ D1 +4<;:,1 Pdfurhfrqrplf srolf| lq d wzr0sduw| v|vwhp dv d uhshdwhg
jdph/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 435= 9840:;1
Dohvlqd/ D1 +4<;;,1 Fuhglelolw| dqg srolf| frqyhujhqfh lq d wzr0sduw| v|vwhp
zlwk udwlrqdo yrwhuv/ Dphulfdq Hfrqrplf Uhylhz :;= 7<90;381
Dohvlqd/ D1 dqg D1 Fxnlhupdq +4<;;,1 Wkh srolwlfv ri dpeljxlw|/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv 438= ;5<0;83
Dohvlqd D1 dqg D1 Gud}hq +4<<4,1 Zk| duh vwdelol}dwlrqv ghod|hgB/ Dphulfdq
Hfrqrplf Uhylhz ;4= 44:3044;;1
Dohvlqd/ D1 dqg U1 Jdwwl +4<<9,1 Lqghshqghqw fhqwudo edqnv= Orz lq dwlrq dw
qr frvwB/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv ;8= 4<905331
Dohvlqd D1/ dqg Y1 Julool +4<<5,1 Wkh Hxurshdq fhqwudo edqn= Uhvkdslqj
prqhwdu| srolwlfv lq Hxursh/ lq P1 Fdq}rqhul/ Y1 Julool dqg S1 Pdvvrq +hgv,/
Hvwdeolvklqj d Fhqwudo Edqn1 Lvvxhv lq Hxursh dqg Ohvvrqv iurp XV/ Fdpeulgjh=
Fdpeulgjh Xqlyhuvlw| Suhvv1
Dohvlqd/ D1/ M1 Orqguhjdq dqg K1 Urvhqwkdo +4<<6,1 D prgho ri wkh srolwlfdo
hfrqrp| ri wkh Xqlwhg Vwdwhv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;:= 450661
Dohvlqd/ D1/ V1 R}ohu/ Q1 Urxelql/ dqg S1 Vzdjho +4<<9,1 Srolwlfdo Lqvwdelolw|
dqg Hfrqrplf jurzwk/ Mrxuqdo ri Hfrqrplf Jurzwk 4= 4;<05451
Dohvlqd/ D1/ D1 Sudwl dqg J1 Wdehoolql/ 4<<31 Sxeolf frq￿ghqfh dqg ghew
pdqdjhphqw= d prgho dqg d fdvh vwxg| ri Lwdo|/ lq U1 Gruqexvfk dqg P1 Gudjkl
+hgv,/ Sxeolf Ghew Pdqdjhphqw= Wkhru| dqg Klvwru|/ Fdpeulgjh= Fdpeulgjh
Xqlyhuvlw| Suhvv1
Dohvlqd/ D1 dqg U1 Shurwwl +4<<8d,1 Exgjhw Gh￿flwv dqg exgjhw lqvwlwxwlrqv/
QEHU Zrunlqj Sdshu/ Qr1 88891
Dohvlqd/ D1 dqg U1 Shurwwl +4<<8e,1 Wkh srolwlfdo hfrqrp| ri exgjhw gh￿flwv/
LPI Vwd￿ sdshuv Pdufk= 406:1
Dohvlqd/ D1 dqg G1 Urguln +4<<7,1 Glvwulexwlyh srolwlfv dqg hfrqrplf jurzwk1
Txduwhuo| Mrxuqdo ri Hfrqrplfv 43<= 79807<31
Dohvlqd/ D1 dqg K1 Urvhqwkdo +4<<8,1 Sduwlvdq Srolwlfv Glylghg Jryhuqphqw
dqg wkh Hfrqrp|/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
Dohvlqd D1/ dqg Q1 Urxelql +4<<:,1 Srolwlfdo F|fohv dqg wkh Pdfurhfrqrp|/
Fdpeulgjh= PLW Suhvv/ iruwkfrplqj1
;:Dohvlqd/ D1 dqg O1 Vxpphuv/ +4<<6,1 Fhqwudo edqn lqghshqghqfh dqg pdfur0
hfrqrplf shuirupdqfh= Vrph frpsdudwlyh hylghqfh/ Mrxuqdo ri Prqh|/ Fuhglw
dqg Edqnlqj 58= 4840951
Dohvlqd/ D1 dqg J1 Wdehoolql +4<;<,1 H{whuqdo ghew/ fdslwdo  ljkw dqg srolwlfdo
ulvn/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 5:= 4<<05531
Dohvlqd/ D1 dqg J1 Wdehoolql +4<<3,1 D srvlwlyh wkhru| ri ￿vfdo gh￿flwv dqg
jryhuqphqw ghew/ Uhylhz ri Hfrqrplf Vwxglhv 8:= 73607471
Dophlgd/ D1 dqg F1 Jrrgkduw +4<<9,1 Grhv wkh dgrswlrq ri lq dwlrq wdujhw
d￿hfw fhqwudo edqn ehkdylruB/ Zrunlqj Sdshu/ Orqgrq Vfkrro ri Hfrqrpflv1
Dxhuqkhlphu/ O1 +4<:7,1 Wkh krqhvw jryhuqphqw*v jxlgh wr wkh uhyhqxh iurp
wkh fuhdwlrq ri prqh|/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;5= 8<;09391
Edfnxv/ G1 dqg M1 Gul!oo +4<;8,1 Lq dwlrq dqg uhsxwdwlrq/ Dphulfdq Hfrqrplf
Uhylhz :8= 863086;
Edgh/ U1 dqg P1 Sdunlq +4<;;,1 Fhqwudo Edqn odzv dqg lq dwlrq= d frpsdud0
wlyh dqdo|vlv/ Plphr/ Xqlyhuvlw| ri Zhvwhuq Rqwdulr1
Eduur/ U1 +4<:6,1 Lq dwlrqdu| ￿qdqfh xqghu glvfuhwlrq dqg uxohv/ Fdqdgldq
Mrxuqdo ri Hfrqrplfv 49= 40581
Eduur/ U1 +4<:<,1 Rq wkh ghwhuplqdwlrq ri sxeolf ghew/ Mrxuqdo ri Srolwlfdo
Hfrqrp| ;:= <7307:1
Eduur/ U1 +4<;9,1 Uhsxwdwlrq lq d prgho rq prqhwdu| srolf| zlwk lqfrpsohwh
lqirupdwlrq/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 4:= 40531
Eduur/ U1 +4<<4,1 Hfrqrplf jurzwk lq d furvv vhfwlrq ri frxqwulhv/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv 439= 73:0761
Eduur/ U1 +4<<:,1 Ghwhuplqdqwv ri Hfrqrplf Jurzwk/ Fdpeulgjh= PLW Suhvv1
Eduur/ U1 dqg E1 Eurdgehqw +4<<8,1 Fhqwudo edqn suhihuhqfhv dqg pdfurhfr0
qrplf htxloleulxp/ iruwkfrplqj lq Mrxuqdo ri Prqhwdu| Hfrqrplfv1
Eduur/ U1 dqg G1 Jrugrq +4<;6d,1 D srvlwlyh wkhru| ri prqhwdu| srolf| lq d
qdwxudo udwh prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4= 8;<09431
Eduur/ U1 dqg G1 Jrugrq +4<;6e,1 Uxohv/ glvfuhwlrq dqg uhsxwdwlrq lq d prgho
ri prqhwdu| srolf|/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 45= 43404541
Edvdu/ W1 dqg J1 Rovghu +4<;5,1 G|qdplf Qrqfrrshudwlyh Jdph Wkhru|/ Orq0
grq= Dfdghplf Suhvv1
Ed{whu/ P1 dqg D1 Vwrfnpdq +4<;<,1 Exvlqhvv f|fohv dqg wkh h{fkdqjh udwh
uhjlph= Vrph lqwhuqdwlrqdo hylghqfh/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 56= 6::0
7331
Ehhwvpd/ U1 dqg O1 Eryhqehuj +4<<:,1 Wkh lqwhudfwlrq ri ￿vfdo dqg prqhwdu|
srolf| lq d prqhwdu| xqlrq= Fuhglelolw| dqg  h{lelolw|/ iruwkfrplqj lq D1 Ud}lq
;;dqg H1 Vdgnd +hgv,/ Joredol}dwlrq= Sxeolf Hfrqrplfv Shuvshfwlyhv/ Fdpeulgjh=
Fdpeulgjh Xqlyhuvlw| Suhvv1
Ehhwvpd/ U1 dqg K1 Mhqvhq +4<<9,1 Lq dwlrq wdujhwv dqg frqwudfwv zlwk xq0
fhuwdlq fhqwudo edqn suhihuhqfhv/ iruwkfrplqj lq Mrxuqdo ri Prqh|/ Fuhglw dqg
Edqnlqj1
Ehqderx/ U1 +4<<9,1 Lqhtxdolw| dqg jurzwk/ lq Ehuqdqnh/ E1 dqg M1 Urwhpehuj
+hgv,/ QEHU Pdfurhfrqrplfv Dqqxdo 4<<9/ Fdpeulgjh= PLW Suhvv1
Ehqkdele/ M1 dqg U1 Udgqhu +4<<5,1 Wkh mrlqw h{sorlwdwlrq ri d surgxfwlyh
dvvhw= D jdph0wkhruhwlf dssurdfk/ Hfrqrplf Wkhru| 5= 48804<31
Ehqkdele/ M1 dqg D1 Uxvwlfklql +4<<9,1 Vrfldo frq lfw dqg jurzwk/ Mrxuqdo ri
Hfrqrplf Jurzwk 4= 458046<1
Ehqvdlg/ E1 dqg R1 Mhdqqh +4<<:,1 Wkh lqvwdelolw| ri ￿{hg h{fkdqjh udwh v|v0
whpv zkhq udlvlqj wkh qrplqdo lqwhuhvw udwh lv frvwo|/ Hxurshdq Hfrqrplf Uhylhz
74= 4794047:;1
Ehuwrod/ J1 +4<<6,1 Idfwru vkduhv dqg vdylqjv lq hqgrjhqrxv jurzwk/ Dphulfdq
Hfrqrplf Uhylhz ;6= 44;7044<;1
Eolvv/ F1 dqg E1 Qdohex￿ +4<;7,1 Gudjrq0vod|lqj dqg edoourrp gdqflqj= wkh
sulydwh vxsso| ri d sxeolf jrrg/ Mrxuqdo ri Sxeolf Hfrqrplfv 58= 40451
Erdgzd|/ U1 dqg G1 Zlogdvlq +4<;<,1 D phgldq yrwhu prgho ri vrfldo vhfxulw|/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz 63= 63:065;1
Erkq/ K1 dqg U1 Lqpdq +4<<9,1 Edodqfhg exgjhw uxohv dqg sxeolf gh￿flwv=
Hylghqfh iurp wkh XV vwdwhv/ QEHU Zrunlqj Sdshu Qr 8866/ iruwkfrplqj lq
Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv1
Erogulq/ P1 dqg D1 Uxvwlfklql +4<<9,1 Htxloleuld zlwk vrfldo vhfxulw|/ Plphr1
Erugr/ P1 dqg I1 N|godqg +4<<8,1 Wkh jrog vwdqgdug dv d uxoh= Dq hvvd| lq
h{sorudwlrq/ H{sorudwlrqv lq Hfrqrplf Klvwru| 65= 75607971
Erugr/ P1 dqg D1 Vfkzdu}1 Srolf| uhjlphv dqg hfrqrplf shuirupdqfh= Wkh
klvwrulfdo uhfrug/ +wklv yroxph,1
Eurdgehqw/ E1 +4<<9,1 Prqhwdu| srolf| uhjlphv dqg wkh frvw ri glvfuhwlrq/
Plphr/ Kduydug Xqlyhuvlw|1
Eurzqlqj +4<:8,1 Zk| wkh vrfldo lqvxudqfh exgjhw lv wrr odujh lq d ghprf0
udf|B/ Hfrqrplf Lqtxlu| 55= 6:606;;1
Exorz/ M1 dqg N1 Urjr￿ +4<;<,1 Vryhuhljq ghew= lv wr irujlyh wr irujhwB/
Dphulfdq Hfrqrplf Uhylhz :<= 760831
Fdedoohur/ U1 dqg P1 Kdppdprxu +4<<9,1 Wkh pdfurhrfrqrplfv ri vshfl0
￿flw|/ QEHU Zrunlqj Sdshu/ Qr1 8:8:1
;<Fdoyr/ J1 +4<:;,1 Rq wkh wlph frqvlvwhqf| ri rswlpdo srolf| lq d prqhwdu|
hfrqrp|/ Hfrqrphwulfd 79= 47440475;1
Fdoyr/ J1 +4<;;,1 Vhuylflqj wkh sxeolf ghew= wkh uroh ri h{shfwdwlrqv/ Dphulfdq
Hfrqrplf Uhylhz :;= 97:09941
Fdoyr/ J1 dqg S1 Jxlgrwwl +4<<3,1 Lqgh{dwlrq dqg pdwxulw| ri jryhuqphqw
erqgv= Dq h{sorudwru| prgho/ lq Gruqexvfk/ U1 dqg P1 Gudjkl +hgv, Sxeolf Ghew
Pdqdjhphqw1 Wkhru| dqg Klvwru|/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
Fdoyr/ J1 dqg F1 Yhjk +wklv yroxph,1
Fdq}rqhul/ P1 +4<;8,1 Prqhwdu| srolf| jdphv dqg wkh uroh ri sulydwh lqiru0
pdwlrq/ Dphulfdq Hfrqrplf Uhylhz :8= 4389043:31
Fdslh/ I1/ W1 Ploov/ dqg J1 Zrrg +4<<7,1 Fhqwudo edqn lqghshqghqfh dqg
lq dwlrq shuirupdqfh= Dq h{sorudwru| gdwd dqdo|vlv/ lq S1 Vlnorv +hg,/ Ydulhwlhv
ri Prqhwdu| Uhirupv= Ohvvrqv dqg H{shulhqfhv rq wkh Urdg wr Prqhwdu| Xqlrq/
Gruguhfkw dqg Ervwrq= Noxzhu Dfdghplf Sxeolvkhuv1
Fdvhood/ D1 dqg E1 Hlfkhqjuhhq +4<<8,1 Fdq iruhljq dlg dffhohudwh vwdelol}dwlrq/
FHSU Glvfxvvlrq Sdshu/ Qr1 <941
Fkdpoh|/ F1 +4<;9,1 Rswlpdo wd{dwlrq ri fdslwdo lqfrph lq jhqhudo htxloleulxp
zlwk lq￿qlwh olyhv/ Hfrqrphwulfd 87= 93:09551
Fkdul/ Y1/ O1 Fkulvwldqr dqg P1 Hlfkhqedxp +4<<9,1 H{shfwdwlrq wudsv dqg
glvfuhwlrq/ Plphr/ Qruwkzhvwhuq xqlyhuvlw|1
Fkdul/ Y1/ O1 Fkulvwldqr dqg S1 Nhkrh +4<<5,1 Rswlpdo ￿vfdo dqg prqhwdu|
srolf|= Vrph uhfhqw uhvxowv/ lq Fxnlhupdq/ D/ ]1 Khufrzlw} dqg O1 Ohlghupdq
+hgv1,/ Srolwlfdo Hfrqrp|/ Jurzwk dqg Exvlqhvv F|fohv/ Fdpeulgjh= PLW Suhvv1
Fkdul/ Y1 dqg K1 Froh +4<<6,1 Zk| duh uhsuhvhqwdwlyh ghprfudflhv ￿vfdoo|
luuhvsrqvleohB/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Vwd￿ uhsruw Qr1 4961
Fkdul/ Y1 dqg S1 Nhkrh +4<<3,1 Vxvwdlqdeoh sodqv/ Mrxuqdo ri Srolwlfdo Hfrq0
rp| <;= 94:09691
Fkdul/ Y dqg S1 Nhkrh +4<<6,1 Vxvwdlqdeoh sodqv dqg pxwxdo ghidxow/ Uhylhz
ri Hfrqrplf Vwxglhv 93= 4:804<91
Froh/ K1 dqg S1 Nhkrh +4<<7,1 Uhsxwdwlrq vslooryhu dfurvv uhodwlrqvklsv zlwk
hqgxulqj dqg wudqvlhqw ehqh￿wv= Uhylylqj uhsxwdwlrq prghov ri ghew/ Ihghudo
Uhvhuyh Edqn ri Plqqhdsrolv/ Zrunlqj Sdshu Qr1 8671
Froh/ K1 dqg W1 Nhkrh +4<<9d,1 Vhoi0ixo￿oolqj ghew fulvhv dqg fdslwdo  ljkw/
Plphr/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1
Froh/ K1 dqg W1 Nhkrh +4<<9e,1 Vhoi0ixo￿oolqj ghew fulvhv/ Ihghudo Uhvhuyh
Edqn ri Plqqhdsrolv/ Vwd￿ uhsruw Qr1 5441
Frroh|/ W1 dqg M1 Vrduhv +4<<8,1 D srvlwlyh wkhru| ri vrfldo vhfxulw| edvhg rq
<3uhsxwdwlrq/ Plphr/ Xqlyhuvlw| ri Urfkhvwhu1
Fxnlhupdq/ D1 +4<<5,/ Fhqwudo Edqn Vwudwhj|/ Fuhglelolw| dqg Lqghshqghqfh 0
Wkhru| dqg Hylghqfh/ Fdpeulgjh= PLW Suhvv1
Fxnlhupdq/ D1/ V1 Hgzdugv dqg J1 Wdehoolql +4<<5,1 Vhljqrudjh dqg srolwlfdo
lqvwdelolw|/ Dphulfdq Hfrqrplf Uhylhz ;5= 86:08881
Fxnlhupdq/ D1 dqg Q1 Olyldwdq +4<<4,1 Rswlpdo dffrpprgdwlrq e| vwurqj
srolf|pdnhuv xqghu lqfrpsohwh lqirupdwlrq/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 5:=
<<045:1
Fxnlhupdq/ D1 dqg I1 Olssl +4<<:,1 Fhqwudo Edqn Lqghshqghqfh/ Fhqwudol}d0
wlrq ri Zdjh Edujdlqlqj/ Lq dwlrq dqg Xqhpsor|phqw 0 Wkhru| dqg Hylghqfh/
Plphr/ Edqn ri Lwdo|1
Fxnlhupdq/ D1 dqg D1 Phow}hu +4<;9,1 D wkhru| ri dpeljxlw|/ fuhglelolw| dqg
lq dwlrq xqghu glvfuhwlrq dqg dv|pphwulf lqirupdwlrq/ Hfrqrphwulfd 87= 43<<0
445;1
Fxnlhupdq/ D1 dqg D1 Phow}hu/ +4<;<,1 D srolwlfdo wkhru| ri jryhuqphqw ghew
dqg gh￿flwv lq d Qhr0ulfdugldq iudphzrun/ Dphulfdq Hfrqrplf Uhylhz :<= :460
:7;1
Ghyhuhx{/ P1 dqg M1I1 Zhq +4<<9,1 Srolwlfdo xqfhuwdlqw|/ fdslwdo wd{dwlrq dqg
jurzwk/ Plphr/ XEF1
Grodgr/ M1/ P1 Jul!wkv dqg M1 Sdglood +4<<7,1 Ghohjdwlrqv lq lqwhuqdwlrqdo
prqhwdu| srolf| jdphv/ Hxurshdq Hfrqrplf Uhylhz 6;= 438:0439<1
Gud}hq/ D1/ dqg Y1 Julool +4<<5,1 Wkh ehqh￿w ri fulvlv iru hfrqrplf uhirup/
Pdqxvfulsw/ Elunehfn Froohjh/ Orqgrq1
I1 Guxgl dqg D1 Sudwl +4<<:,1 Dq lqfrpsohwh lqirupdwlrq prgho ri wkh rswlpdo
pdwxulw| vwuxfwxuh ri sxeolf ghew/ LPI Zrunlqj Sdshu1
Hglq/ G1D1 dqg K1 Rkovvrq +4<<4,1 Srolwlfdo ghwhuplqdqwv ri exgjhw gh￿flwv=
Frdolwlrq h￿hfwv yhuvxv plqrulw| h￿hfwv/ Hxurshdq Hfrqrplf Uhylhz 68= 48<:0
49361
Hlfkhqjuhhq/ E1 +4<<3,1 Wkh fdslwdo ohy| lq wkhru| dqg sudfwlfh/ lq U1 Gruq0
exvfk dqg P1 Gudjkl +hgv,/ Sxeolf Ghew Pdqdjhphqw= Wkhru| dqg Klvwru|/ Fdp0
eulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
Hlfkhqjuhhq/ E1 dqg M1 yrq Kdjhq +4<<9,1 Ihghudolvp/ ￿vfdo uhvwudlqwv dqg
Hxurshdq prqhwdu| xqlrq/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv
;9= 468046;1
Hlm!qjhu/ V1 dqg M1 gh Kddq +4<<9,1 Wkh Srolwlfdo Hfrqrp| ri Fhqwudo Edqn
Lqghshqghqfh/ Vshfldo Sdshuv lq Lqwhuqdwlrqdo Hfrqrplfv/ Qr1 4</ Sulqfhwrq Xql0
yhuvlw|1
<4Hlm!qjhu/ V1 dqg H1 Vfkdolqj +4<<6,1 Fhqwudo edqn lqghshqghqfh lq wzhoyh
lqgxvwuldo frxqwulhv/ Edqfd Qd}lrqdoh gh Odyrur 4;7= 40741
Hophqgrui/ G1 dqg J1 Pdqnlz1 Jryhuqphqw ghew +wklv yroxph,1
Idlu/ U1 +4<:;,1 Wkh h￿hfw ri hfrqrplf hyhqwv rq yrwhv iru suhvlghqw/ Wkh
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 93= 48<0:61
Idxvw/ M1 +4<<9,1 Zkrp fdq zh wuxvw wr uxq wkh IhgB Wkhruhwlfdo vxssruw iru
wkh irxqghuv* ylhzv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:= 59:05;61
Idxvw/ M1 dqg M1 Lurqv +4<<9,1 Prqh|/ srolwlfv dqg wkh srvw0zdu exvlqhvv f|foh/
Erdug ri Jryhuqruv/ Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv/ Q1 8:5/ iruwkfrplqj
lq Mrxuqdo ri Prqhwdu| Hfrqrplfv1
Ihuhmrkq/ M1 +4<;9,1 Lqfxpehqw shuirupdqfh dqg hohfwrudo frqwuro/ Sxeolf
Fkrlfh 83= 80591
Ilrulqd/ P1 +4<;4,1 Uhwurvshfwlyh Yrwlqj lq Dphulfdq Qdwlrqdo Hohfwlrqv/ Qhz
Kdyhq= \doh Xqlyhuvlw| Suhvv1
Ilvfkhu1 V1 +4<::,1 Orqj0whup frqwudfwv/ udwlrqdo h{shfwdwlrqv dqg wkh rswlpdo
prqh| vxsso| uxoh/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8= 49604<31
Ilvfkhu/ V1 +4<;3,1 G|qdplf lqfrqvlvwhqf|/ frrshudwlrq/ dqg wkh ehqhyrohqw
glvvhpeolqj jryhuqphqw/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 5= <6043:1
Ilvfkhu/ V1 +4<<4,1 Jurzwk/ pdfurhfrqrplfv dqg ghyhorsphqw/ QEHU Pdfur0
hfrqrplfv Dqqxdo 4<<4/ Fdpeulgjh= PLW Suhvv1
Ilvfkhu/ V1 +4<<8,1 Wkh xqhqglqj vhdufk iru prqhwdu| vdoydwlrq/ QEHU Pdfur0
hfrqrplfv Dqqxdo 4<<8/ Fdpeulgjh= PLW Suhvv1
Iorrg/ U1 dqg S1 Lvdug +4<;<,1 Prqhwdu| srolf| vwudwhjlhv/ LPI Vwd￿ Sdshuv
69= 9450651
Iorrg/ U1 dqg Q1 Pdulrq +4<<:,1 Shuvshfwlyhv rq wkh uhfhqw fxuuhqf| fulvlv
olwhudwxuh/ Plphr/ LPI1
Iorrg/ U1 dqg P1 Pxvvd +4<<7,1 Lvvxhv frqfhuqlqj qrplqdo dqfkruv iru prq0
hwdu| srolf|/ QEHU Zrunlqj Sdshu/ Qr1 7;831
Iudwldqql/ P1/ M1 yrq Kdjhq dqg F1 Zdoohu +4<<8,1 Fhqwudo edqnlqj dv d
sulqflsdo djhqw sureohp/ iruwkfrplqj lq Hfrqrplf Lqtxlu|1
Jhqehuj/ K1 +4<;<,1 H{fkdqjh udwh pdqdjhphqw dqg pdfurhfrqrplf srolf|=
D qdwlrqdo shuvshfwlyh/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <4= 76<079<1
Jldyd}}l/ I1 dqg P1 Sdjdqr +4<;;,1 Wkh dgydqwdjh ri w|lqj rqh*v kdqgv= HPV
glvflsolqh dqg fhqwudo edqn fuhglelolw|/ Hxurshdq Hfrqrplf Uhylhz 65= 43880:81
Jldyd}}l/ I1/ dqg P1 Sdjdqr +4<<3,1 Frq￿ghqfh fulvhv dqg sxeolf ghew pdq0
djhphqw/ lq U1 Gruqexvfk dqg P1 Gudjkl +hgv,/ Sxeolf ghew pdqdjhphqw= wkhru|
dqg klvwru|/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
<5Jod}hu/ D1 +4<;<,1 Srolwlfv dqg wkh fkrlfh ri gxudelolw|/ Dphulfdq Hfrqrplf
Uhylhz :<= 453:045471
Jorpp/ J1/ dqg E1 Udylnxpdu +4<<5,1 Sxeolf yhuvxv sulydwh lqyhvwphqw lq
kxpdq fdslwdo hqgrjhqrxv jurzwk dqg lqfrph lqhtxdolw|/ Mrxuqdo ri Srolwlfdo
Hfrqrp| 433= ;460671
Jrrgkduw/ F1 dqg M1 Ylqdov +4<<7,1 Vwudwhj| dqg wdfwlfv ri prqhwdu| srolf|/ lq
M1 Ixkuhu +hg,/ Jrdov Jxlgholqhv dqg Frqvwudlqwv Idflqj Prqhwdu| Srolf|pdnhuv/
Ihghudo Uhvhuyh Edqn ri Ervwrq1
Julool Y1/ G1 Pdvfldqgdur dqg J1 Wdehoolql +4<<4,1 Srolwlfdo dqg prqhwdu|
lqvwlwxwlrqv dqg sxeolf ￿qdqfldo srolflhv lq wkh lqgxvwuldo frxqwulhv/ Hfrqrplf
Srolf| 46= 67506<51
Jurvvpdq/ J1 dqg H1 Khospdq +4<<9,1 Lqwhujhqhudwlrqdo uhglvwulexwlrq/ Plphr/
Sulqfhwrq Xqlyhuvlw|1
Jurvvpdq/ K1 dqg M1 ydq Kx|fn +4<;9,1 Lq dwlrq/ vhljqrudjh dqg uhsxwdwlrq/
Mrxuqdo ri Prqhwdu| Hfrqrplfv 4;= 530651
Jurvvpdq/ K1 dqg M1 ydq Kx|fn +4<;;,1 Vryhuhljq ghew dv d frqwlqjhqw fodlp=
h{fxvdeoh ghidxow/ uhsxgldwlrq/ dqg uhsxwdwlrq/ Dphulfdq Hfrqrplf Uhylhz :;=
4<;;04<<:1
yrq Kdjhq/ M1 +4<<5,1 Exgjhwlqj surfhgxuhv dqg ￿vfdo shuirupdqfh lq wkh
Hxurshdq frppxqlwlhv/ Hfrqrplf sdshuv Qr <9/ Hxurshdq Frpplvvlrq1
yrq Kdjhq/ M1 dqg L1 Kdughq +4<<7,1 Qdwlrqdo exgjhw surfhvvhv dqg ￿vfdo
shuirupdqfh/ Hxurshdq Hfrqrp|/ Uhsruwv dqg Vwxglhv 61
Kdogdqh/ D1J1 +hg, +4<<8,1 Wdujhwlqj Lq dwlrq/ D frqihuhqfh ri fhqwudo edqnv
rq wkh xvh ri lq dwlrq wdujhwv/ rujdql}hg e| wkh Edqn ri Hqjodqg/ Edqn ri Hqj0
odqg1
Kdoohuehuj/ P1 dqg M1 yrq Kdjhq +4<<:,1 Hohfwrudo lqvwlwxwlrqv/ fdelqhw qhjr0
wldwlrqv/ dqg exgjhw gh￿flwv zlwklq wkh Hxurshdq xqlrq/ FHSU Glvfxvvlrq Sdshu/
Qr1 48881
Khuuhqgrui/ E1 +4<<9,1 Lq dwlrq wdujhwlqj dv d zd| ri suhfrpplwphqw/ Plphr/
Xqlyhuvlw| ri Zduzlfn1
Khuuhqgrui/ E1 dqg E1 Orfnzrrg +4<<:,1 Urjr￿*v ￿frqvhuydwlyh￿ fhqwudo edqnhu
uhvwruhg/ iruwkfrplqj lq Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj1
Kleev/ G1 +4<::,1 Srolwlfdo sduwlhv dqg pdfurhfrqrplf srolf|/ Dphulfdq Sr0
olwlfdo Vflhqfh Uhylhz :4= 479:047:;1
Kropvwurp/ E1 +4<;5,1 Pdqdjhuldo lqfhqwlyh sureohpv￿d g|qdplf shuvshfwlyh/
lq Hvvd|v lq Hfrqrplfv dqg Pdqdjhphqw lq Krqru ri Oduv Zdkoehfn/ Vzhglvk
Vfkrro ri Hfrqrplfv/ Khovlqnl1
<6Kruq/ K1 dqg W1 Shuvvrq +4<;;,1 H{fkdqjh udwh srolf|/ zdjh irupdwlrq dqg
fuhglelolw|/ Hxurshdq Hfrqrplf Uhylhz 65= 4954049691
Lwr/ W1 +4<<3,1 Wkh wlplqj ri hohfwlrqv dqg srolwlfdo exvlqhvv f|fohv lq Mdsdq/
Mrxuqdo ri Dvldq Hfrqrplfv 4= 46804791
Mhqvhq/ K1 +4<<9,1 Fuhglelolw| ri rswlpdo prqhwdu| ghohjdwlrq/ iruwkfrplqj lq
Dphulfdq Hfrqrplf Uhylhz1
Mrqvvrq/ J1 +4<<8d,1 Lqvwlwxwlrqv dqg pdfurhfrqrplf rxwfrphv￿Wkh hpslulfdo
hylghqfh/ Vzhglvk Hfrqrplf Srolf| Uhylhz 5= 4;405451
Mrqvvrq/ J1 +4<<8e,1 Prqhwdu| srolwlfv dqg xqhpsor|phqw shuvlvwhqfh/ iruwk0
frplqj lq Mrxuqdo ri Prqhwdu| Hfrqrplfv1
Nrwolnr￿/ O1/ W1 Shuvvrq dqg O1 Vyhqvvrq +4<;;,1 Vrfldo frqwudfwv dv dvvhwv=
d srvvleoh vroxwlrq wr wkh wlph0frqvlvwhqf| sureohp/ Dphulfdq Hfrqrplf Uhylhz
:;= 9950::1
Nqdfn/ V1 dqg S1 Nhhihu +4<<8,1 Lqvwlwxwlrqv dqg hfrqrplf shuirupdqfh=
Furvv0frxqwu| whvwv xvlqj dowhuqdwlyh lqvwlwxwlrqdo phdvxuhv/ Hfrqrplfv dqg Sro0
lwlfv := 53:055:1
Nuxvhoo/ S1 dqg Y1 Ulrv0Uxoo +4<<9,1 Yhvwhg lqwhuhvwv lq d srvlwlyh wkhru| ri
vwdjqdwlrq dqg jurzwk/ Uhylhz ri Hfrqrplf Vwxglhv 96= 93409641
Nuxvhoo/ S1/ Y1 Txdgulql dqg Y1 Ulrv0Uxoo +4<<7,1 Srolwlfr0hfrqrplf htxlole0
ulxp dqg hfrqrplf jurzwk/ iruwkfrplqj lq Mrxuqdo ri Hfrqrplf G|qdplfv dqg
Frqwuro1
N|godqg/ I1/ dqg H1 Suhvfrww +4<::,1 Uxohv udwkhu wkdq glvfuhwlrq= wkh lqfrq0
vlvwhqf| ri rswlpdo sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8= 7:607<31
Odqh/ S1 dqg D1 Wruqhoo +4<<9,1 Srzhu/ jurzwk dqg wkh yrudflw| h￿hfw/ Mrxuqdo
ri Hfrqrplf Jurzwk 4= 54605741
Odpehuwlql/ O1 +4<<9,1 Duh exgjhwv gh￿flwv xvhg vwudwhjlfdoo|B/ Plphr/ XFOD1
Ohlghupdq/ O1 dqg O1 Vyhqvvrq +4<<8,1 Lq dwlrq wdujhwv/ Orqgrq= FHSU1
Ohykdul/ G1 dqg O1 Plupdq +4<;3,1 Wkh juhdw ￿vk zdu= Dq h{dpsoh xvlqj wkh
Frxuqrw0Qdvk vroxwlrq/ Ehoo Mrxuqdo ri Hfrqrplfv 44= 65506671
Ohzlv0Ehfn/ P1 +4<;;,1 Hfrqrplfv dqg Hohfwlrqv= Wkh Pdmru Zhvwhuq Ghprf0
udflhv/ Xqlyhuvlw| ri Plfkljdq Suhvv1
Olqgehfn/ D1 +4<:9,1 Vwdelol}dwlrq srolflhv lq rshq hfrqrplhv zlwk hqgrjhqrxv
srolwlfldqv/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv 99= 404<1
Olqgehfn/ D1 dqg M1 Zhlexoo +4<;:,1 Edodqfhg exgjhw uhglvwulexwlrq dv wkh
rxwfrph ri srolwlfdo frpshwlwlrq/ Sxeolf Fkrlfh 85= 5:505<:1
Ol}}hul/ D1 +4<<9,1 Exgjhw gh￿flwv dqg uhglvwulexwlyh srolwlfv/ Plphr/ Sulqfh0
wrq Xqlyhuvlw|1
<7Olssl/ I1 +4<<:,1 Rq Fhqwudo edqn lqghshqghqfh dqg wkh vwdelolw| ri srolf|
wdujhwv/ iruwkfrplqj lq Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv1
Orfnzrrg/ E1 dqg D1 Sklolssrsrxoxv +4<<7,1 Lqvlghu srzhu xqhpsor|phqw
dqg pxwlsohu lq dwlrq htxloleuld/ Hfrqrplfd 94= 8<0::1
Orfnzrrg/ E1/ P1 Ploohu dqg O1 ]kdqj +4<<8,1 Ghvljqlqj prqhwdu| srolf|
zkhq xqhpsor|phqw shuvlvwv/ iruwkfrplqj lq Hfrqrplfd1
Orkpdq/ V1 +4<<5,1 Wkh rswlpdo ghjuhh ri frpplwphqw= Fuhglelolw| dqg  h{0
lelolw|/ Dphulfdq Hfrqrplf Uhylhz ;5= 5:605;91
Orkpdq/ V1 +4<<9,1 Ghprfudf| dqg lq dwlrq/ Plphr/ XFOD1
Oxfdv/ U1/ dqg O1 Vwrnh| +4<;6,1 Rswlpdo ￿vfdo dqg prqhwdu| srolf| lq dq
hfrqrp| zlwkrxw fdslwdo/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 45= 880<71
PfFdooxp/ E1 +4<<9,1 Fuxfldo lvvxhv frqfhuqlqj fhqwudo edqn lqghshqghqfh/
QEHU Zrunlqj Sdshu/ Qr 88<:1
Phow}hu D1/ dqg V1 Ulfkdugv +4<;4,1 D udwlrqdo wkhru| ri wkh vl}h ri jryhuq0
phqw/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;<= <470<5:1
Phqgr}d/ H1/ D1 Ud}lq/ dqg O1 Whvdu +4<<7,1 H￿hfwlyh wd{ udwhv lq pdfurhfr0
qrplfv= furvv0frxqwu| hvwlpdwhv ri wd{ udwhv rq idfwru lqfrphv dqg frqvxpswlrq/
Mrxuqdo ri Prqhwdu| Hfrqrplfv 67= 5<:06561
Phqgr}d/ H1/ J10P1 Plohvl Ihuuhwwl dqg S1 Dvhd +4<<9,1 Rq wkh lqh￿hfwlyhqhvv
ri wd{ srolf| lq dowhulqj orqj0uxq jurzwk= Kduehujhu*v vxshuqhxwudolw| frqmhfwxuh/
FHSU Glvfxvvlrq Sdshu/ Qr1 46:;1
Plohvl Ihuhwwl/ J10P1 +4<<7,1 Zdjh lqgh{dwlrq dqg wlph frqvlvwhqf|/ Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj 59= <740<831
Plohvl Ihuhwwl/ J10P1 +4<<8d,1 Gr jrrg ru gr zhooB Sxeolf ghew pdqdjhphqw
lq d wzr0sduw| hfrqrp|/ Hfrqrplfv dqg Srolwlfv/ := 8;0:7
Plohvl Ihuhwwl J1 0P1 +4<<8e,1 Wkh glvdgydqwdjh ri w|lqj wkhlu kdqgv= Rq wkh
srolwlfdo hfrqrp| ri srolf| frpplwphqwv/ Hfrqrplf Mrxuqdo 438= 46;4047351
Plvknlq/ I1 dqg D1 Srvhq +4<<9,1 H{shulhqfhv zlwk lq dwlrq wdujhwlqj dv d
vwudwhj| iru wkh frqgxfw ri prqhwdu| srolf|/ Plphr/ Ihghudo Uhvhuyh Edqn ri Qhz
\run1
Plvknlq/ I1 dqg D1 Srvhq +4<<:,1 Lq dwlrq wdujhwlqj= Ohvvrqv iurp irxu frxq0
wulhv/ Ihghudo Uhvhuyh Edqn ri Qhz \run Hfrqrplf Srolf| Uhylhz 61
Plvkud/ G1 +4<<:,1 Dq xqeldvhg uhh{dplqdwlrq ri srolwlfdo f|foh lq RHFG
frxqwulhv/ Plphr/ Xqlyhuvlw| ri Pdu|odqg1
Plvvdoh/ D1 dqg R1 Eodqfkdug +4<<7,1 Wkh ghew exughq dqg ghew pdwxulw|/
Dphulfdq Hfrqrplf Uhylhz ;7= 63<064<1
<8Plvvdoh/ D1/ I1 Jldyd}}l dqg S1 Ehqljqr +4<<:,1 Pdqdjlqj wkh sxeolf ghew lq
￿vfdo vwdelol}dwlrqv= Wkhru| dqg Sudfwlfh/ LJLHU Zrunlqj Sdshu1
Pxhoohu/ G1 +4<;<,1 Sxeolf Fkrlfh LL/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
Pxvvd/ P1 +4<;9,1 Qrplqdo h{fkdqjh udwh uhjlphv dqg wkh ehkdylru ri uhdo
h{fkdqjh udwhv/ Fduqhjlh Urfkhvwhu Vhulhv rq Sxeolf Srolf| 58= 44:05471
P|huvrq/ U1 +4<<6,1 Lqfhqwlyhv wr fxowlydwh idyruhg plqrulwlhv xqghu dowhuqd0
wlyh hohfwrudo v|vwhpv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;:= ;890;9<1
Qrugkdxv/ Z1 +4<:8,1 Wkh srolwlfdo exvlqhvv f|foh/ Uhylhz ri Hfrqrplf Vwxg0
lhv 75= 49<04<31
Qruwk/ G1 dqg E1 Zhlqjdvw +4<;<,1 Frqvwlwxwlrqv dqg frpplwphqw= wkh hyrox0
wlrq ri lqvwlwxwlrqv jryhuqlqj sxeolf fkrlfh lq vhyhqwhhqwk0fhqwxu| Hqjodqg/ Mrxu0
qdo ri Hfrqrplf Klvwru| 9<= ;360;651
do Qrzdlkl D1 dqg S1 Ohylqh +4<<9,1 Lqghshqghqw exw dffrxqwdeoh= Zdovk
frqwudfwv dqg wkh fuhglelolw| sureohp/ Plphr1
Revwihog/ P1 +4<<9,1 Ghvwdelol}lqj h￿hfwv ri h{fkdqjh udwh hvfdsh fodxvhv/
iruwkfrplqj lq Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv1
Revwihog/ P1 +4<<:,1 G|qdplf vhljqlrudjh wkhru|= Dq h{sorudwlrq/ iruwkfrp0
lqj lq Pdfurhfrqrplf G|qdplfv1
R}ohu/ V1 dqg J1 Wdehoolql/ +4<<4,1 H{whuqdo ghew dqg srolwlfdo lqvwdelolw|/
QEHU Zrunlqj Sdshu/ Qr1 6::51
Sdunlq/ P1 +4<<6,1 Lq dwlrq lq Qruwk Dphulfd/ lq Vkljhkdud +hg,/ Sulfh Vwd0
elol}dwlrq lq wkh 4<<3v/ Pdfploodq1
Shurwwl/ U1 +4<<6,1 Srolwlfdo htxloleulxp/ lqfrph glvwulexwlrq dqg jurzwk/
Uhylhz ri Hfrqrplf Vwxglhv 93= :880::91
Shurwwl/ U1 +4<<9,1 Jurzwk/ lqfrph glvwulexwlrq dqg ghprfudf|= Zkdw wkh
gdwd vd|/ Mrxuqdo ri Hfrqrplf Jurzwk 4= 47<04;;1
Shuvvrq/ P1/ W1 Shuvvrq dqg O1 Vyhqvvrq +4<;:,1 Wlph frqvlvwhqf| ri ￿vfdo
dqg prqhwdu| srolf|/ Hfrqrphwulfd 88= 474<047641
Shuvvrq/ P1/ Shuvvrq/ W1 dqg O1 Vyhqvvrq +4<<9,1 Ghew/ Fdvk Iorz dqg Lq d0
wlrq Lqfhqwlyhv= D Vzhglvk H{dpsoh/ QEHU Zrunlqj Sdshu/ Qr1 8::51
Shuvvrq/ W1/ J1 Urodqg dqg J1 Wdehoolql +4<<:,1 Vhsdudwlrq ri srzhuv dqg
srolwlfdo dffrxqwdelolw|/ iruwkfrplqj lq Txduwhuo| Mrxuqdo ri Hfrqrplfv1
Shuvvrq/ W1 dqg O1 Vyhqvvrq +4<;7,1 Wlph frqvlvwhqw ￿vfdo srolf| dqg jryhuq0
phqw fdvk  rz/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 47= 69806:71
Shuvvrq/ W1 dqg O1 Vyhqvvrq +4<;9,1 Lqwhuqdwlrqdo eruurzlqj dqg wlph0frqvlvwhqw
￿vfdo srolf|/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv ;;= 5:605<81
Shuvvrq/ W1 dqg O1 Vyhqvvrq +4<;<,1 Zk| d vwxeeruq frqvhuydwlyh zrxog
<9uxq d gh￿flw = srolf| zlwk wlph0lqfrqvlvwhqf| suhihuhqfhv1 Txduwhuo| Mrxuqdo ri
Hfrqrplfv 437= 65806781
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<3,1 Pdfurhfrqrplf Srolf|/ Fuhglelolw| dqg
Srolwlfv/ Fkxu= Kduzrrg Dfdghplf Sxeolvkhuv1
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<5,1 Wkh srolwlfv ri 4<<5= Ilvfdo srolf| dqg
Hxurshdq lqwhjudwlrq/ Uhylhz ri Hfrqrplf Vwxglhv 8<= 9;<0:341
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<6,1 Ghvljqlqj lqvwlwxwlrqv iru prqhwdu| vwd0
elolw|/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6<= 860;<1
Shuvvrq/ W1 dqg J1 Wdehoolql +hgv, +4<<7d,1 Prqhwdu| dqg Ilvfdo Srolf|/ Yro
L= Fuhglelolw|/ Yro LL= Srolwlfv/ Fdpeulgjh= PLW Suhvv1
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<7e,1 Lv lqhtxdolw| kdupixo iru jurzwkB/ Dphu0
lfdq Hfrqrplf Uhylhz ;7= 93309541
Shuvvrq/ W1 dqg J1 Wdehoolql/ +4<<7f,1 Uhsuhvhqwdwlyh ghprfudf| dqg fdslwdo
wd{dwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv 88= 860:31
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<7g,1 Grhv fhqwudol}dwlrq lqfuhdvh wkh vl}h ri
jryhuqphqwB/ Hxurshdq Hfrqrplf Uhylhz 6;= :980::61
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<8,1 ,Grxeoh0hgjhg lqfhqwlyhv= Lqvwlwxwlrqv
dqg srolf| frruglqdwlrq/ lq Jurvvpdq/ J1 dqg N1 Urjr￿ +hgv,/ Kdqgerrn ri Lq0
whuqdwlrqdo Hfrqrplfv/ Yro LLL/ Dpvwhugdp= Qruwk0Kroodqg1
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<9,1 Prqhwdu| frkdelwdwlrq lq Hxursh/ Dphu0
lfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv ;9= 44404491
Shuvvrq/ W1 dqg J1 Wdehoolql +4<<:,1 Srolwlfdo hfrqrplfv dqg sxeolf ￿qdqfh/
lq suhsdudwlrq1
Shwwhuvrq/ S1 +4<<:,1 Dq hpslulfdo lqyhvwljdwlrq ri wkh vwudwhjlf xvh ri ghew/
Plphr/ Xssvdod Xqlyhuvlw|1
Srvhq/ D1 +4<<6,1 Zk| fhqwudo edqn lqghshqghqfh grhv qrw fdxvh orz lq dwlrq=
Wkhuh lv qr lqvwlwxwlrqdo ￿{ iru srolwlfv/ Plphr1
Srvhq/ D1 +4<<8,1 Ghfodudwlrqv duh qrw hqrxjk= Ilqdqfldo vhfwru vhuylfhv
ri fhqwudo edqn lqghshqghqfh/ lq Ehuqdqnh/ E1 dqg M1 Urwhpehuj +hgv,/ QEHU
Pdfurhfrqrplfv Dqqxdo 4<<8/ Fdpeulgjh= PLW Suhvv1
Srwhued/ M1 +4<<7,1 Vwdwh uhvsrqvhv wr ￿vfdo fulvhv= qdwxudo h{shulphqwv iru
vwxg|lqj wkh h￿hfwv ri exgjhw lqvwlwxwlrqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| 435=
:<<0;541
Su}hzruvnl/ D1 dqg I1 Olprqjl +4<<6,1 Srolwlfdo uhjlphv dqg hfrqrplf jurzwk/
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv := 840:31
Uloh|/ M1 +4<;3,1 Vwurqj hyroxwlrqdu| htxloleulxp dqg wkh zdu ri dwwulwlrq/
Mrxuqdo ri Wkhruhwlfdo Elrorj| ;5= 6;607331
<:Urehuwv/ N1 +4<::,1 Yrwlqj ryhu lqfrph wd{ vfkhgxohv/ Mrxuqdo ri Sxeolf Hfr0
qrplfv ;= 65<06731
Urjhuv/ F1 +4<;9,1 Wkh h￿hfwv ri glvwulexwlyh jrdov rq wkh wlph lqfrqvlvwhqf|
ri rswlpdo wd{hv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 4:= 58405:31
Urjhuv/ F1 +4<;:,1 H{shqglwxuh wd{hv/ lqfrph wd{hv/ dqg wlph0lqfrqvlvwhqf|/
Mrxuqdo ri Sxeolf Hfrqrplfv 65= 54805631
Urjr￿/ N1 +4<;8,1 Wkh rswlpdo ghjuhh ri frpplwphqw wr dq lqwhuphgldwh
prqhwdu| wdujhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 433= 449<044<31
Urjr￿/ N1 +4<;:,1 D uhsxwdwlrqdo frqvwudlqw rq prqhwdu| srolf|/ Fduqhjlh
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 57= 44804981
Urjr￿/ N1 +4<<3,1 Htxloleulxp srolwlfdo exgjhw f|fohv/ Dphulfdq Hfrqrplf
Uhylhz ;3= 540691
Urjr￿/ N1 dqg D1 Vlehuw +4<;;,1 Hohfwlrqv dqg pdfurhfrqrplf srolf| f|fohv/
Uhylhz ri Hfrqrplf Vwxglhv 88= 40491
Urwhpehuj/ M1 +4<<3,1 Frqvwlwxhqflhv zlwk ￿qlwh olyhv dqg wkh ydoxdwlrq ri
jryhuqphqw erqgv/ Plphr/ PLW1
Urxelql/ Q1 dqg M1 Vdfkv +4<;<,1 Srolwlfdo dqg hfrqrplf ghwhuplqdqwv ri
exgjhw gh￿flwv lq wkh lqgxvwuldo ghprfudflhv/ Hxurshdq Hfrqrplf Uhylhz 66= <360
<661
Vdlqw0Sdxo/ J1 dqg W1 Yhuglhu +4<<6,1 Hgxfdwlrq/ ghprfudf| dqg jurzwk/
Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 75= 6<<073:1
Vfkdolqj/ H1 +4<<8,1 Lqvwlwxwlrqv dqg Prqhwdu| Srolf|= Fuhglelolw|/ Ioh{lelolw|/
dqg Fhqwudo Edqn Lqghshqghqfh/ Hgzdug Hojdu Sxeolvkhuv1
Vfkrwwhu/ D1 +4<;4,1 Wkh Hfrqrplf Wkhru| ri Vrfldo Lqvwlwxwlrqv/ Fdpeulgjh=
Fdpeulgjh Xqlyhuvlw| Suhvv1
Vwdljhu/ U1 +4<<8,1 Lqwhuqdwlrqdo uxohv dqg lqvwlwxwlrqv iru frrshudwlyh wudgh
srolf|/ lq Jurvvpdq/ J1 dqg N1 Urjr￿ +hgv,/ Kdqgerrn ri Lqwhuqdwlrqdo Hfr0
qrplfv/ Yro LLL/ Dpvwhugdp= Qruwk0Kroodqg1
Vwrfn/ M1 dqg P1 Zdwvrq1 Exvlqhvv f|foh  xfwxdwlrqv lq X1V1 pdfurhfrqrplf
wlph vhulhv/ +wklv yroxph,1
Vyhqvvrq/ M1 +4<<6,1 Lqyhvwphqw/ surshuw| uljkwv dqg srolwlfdo lqvwdelolw|= Wkh0
ru| dqg hylghqfh/ iruwkfrplqj lq Hxurshdq Hfrqrplf Uhylhz1
Vyhqvvrq/ M1 +4<<9,1 Frooxvlrq dqg lqwhuhvw jurxsv= Iruhljq dlg dqg uhqw glv0
vlsdwlrq/ Plphr/ Wkh Zruog Edqn1
Vyhqvvrq/ O1 +4<<:d,1 Rswlpdo lq dwlrq wdujhwv/ ￿frqvhuydwlyh￿ fhqwudo edqnhuv
dqg olqhdu lq dwlrq frqwudfwv/ Dphulfdq Hfrqrplf Uhylhz ;:= <;04471
<;Vyhqvvrq/ O1 +4<<:e,1 Lq dwlrq iruhfdvw wdujhwlqj= Lpsohphqwlqj dqg prql0
wrulqj lq dwlrq wdujhwv/ Hxurshdq Hfrqrplf Uhylhz 74= 4444044791
Wdehoolql/ J1 +4<;8,1 Dffrpprgdwlyh prqhwdu| srolf| dqg fhqwudo edqn uhs0
xwdwlrq/ Jlruqdoh Ghjol Hfrqrplvwl 77= 6;<07581
Wdehoolql/ J1 +4<;:,1 Prqh|/ ghew dqg gh￿flwv lq d g|qdplf jdph/ Mrxuqdo ri
Hfrqrplf G|qdplfv dqg Frqwuro 43= 75:07751
Wdehoolql/ J1 +4<<3,1 D srvlwlyh wkhru| ri vrfldo vhfxulw|/ QEHU Zrunlqj
Sdshu/ Qr1 65:51
Wdehoolql/ J1 +4<<4,1 Wkh srolwlfv ri lqwhujhqhudwlrqdo uhglvwulexwlrq/ Mrxuqdo
ri Srolwlfdo Hfrqrp| <<= 668068:1
Wdehoolql/ J1 dqg D1 Dohvlqd +4<<3,1 Yrwlqj rq wkh exgjhw gh￿flw/ Dphulfdq
Hfrqrplf Uhylhz ;3= 6:06<1
Wd|oru/ M1 +4<;6,1 Uxohv/ glvfuhwlrq dqg uhsxwdwlrq lq d prgho ri prqhwdu|
srolf|= Frpphqwv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 45= 45604581
Whuurqhv/ P1 +4<;<,1 Pdfurhfrqrplf srolf| fkrlfhv xqghu dowhuqdwlyh hohfwrudo
vwuxfwxuhv/ Plphr1
Wruqhoo/ D1 +4<<8,1 Hfrqrplf jurzwk dqg ghfolqh zlwk hqgrjhqrxv surshuw|
uljkwv/ Plphr/ Kduydug xqlyhuvlw|1
Wruqhoo/ D1 dqg D1 Yhodvfr +4<<5,1 Wkh wudjhg| ri wkh frpprqv dqg hfrqrplf
jurzwk= Zk| grhv fdslwdo  rz iurp srru wr ulfk frxqwulhv/ Mrxuqdo ri Srolwlfdo
Hfrqrp| 433= 453;045641
Yhodvfr/ D1 +4<<7,1 Duh edodqfh ri sd|phqw fulvlv udwlrqdoB/ Zrunlqj Sdshu/
Qhz \run Xqlyhuvlw|1
Yhodvfr/ D1 +4<<9,1 D prgho ri hqgrjhqrxv ￿vfdo gh￿flw dqg ghod|hg ￿vfdo
uhirupv/ iruwkfrplqj lq Txduwhuo| Mrxuqdo ri Hfrqrplfv1
Ylfnhuv/ M1 +4<;9,1 Vljqdoolqj lq d prgho ri prqhwdu| srolf| zlwk lqfrpsohwh
lqirupdwlrq/ R{irug Hfrqrplf Sdshuv 6;= 7760881
Zdoohu/ F1 +4<;<,1 Prqhwdu| srolf| jdphv dqg fhqwudo edqn srolwlfv/ Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj 54= 75507641
Zdovk/ F1 +4<<8d,1 Rswlpdo frqwudfwv iru fhqwudo edqnhuv/ Dphulfdq Hfrqrplf
Uhylhz ;8= 483049:1
Zdovk/ F1 +4<<8e,1 Lv Qhz ]hdodqg*v Uhvhuyh edqn dfw ri 4<;< dq rswlpdo
fhqwudo edqn frqwudfwB/ Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj 5:= 44:<044<41
Zdovk/ F1 dqg F1 Zdoohu +4<<9,1 Fhqwudo edqn lqghshqghqfh/ hfrqrplf eh0
kdylru/ dqg rswlpdo whup olplwv/ Dphulfdq Hfrqrplf Uhylhz <9= 446<044861
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